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ABSTRACT
Project manufacturing is a production manufacturing mode that develops and produces
large and complex systems that is supplemented by project management techniques for planning
and execution. Project manufacturing is better understood by examining it along with three other
key areas: manufacturing, project management, and team management. Critical success factors
for each of these areas have been examined in the literature but have not been examined in a real
world setting in the aerospace and defense industry.
This research examines the association between perspectives of project teams and senior
management on critical success factors along the four identified dimensions of success in the
literature: efficiency, impact on consumer, impact on team, and preparation for the future. These
associations are evaluated using Spearman rank correlation method that utilizes survey data
obtained from ten project manufacturing teams at an aerospace and defense company along the
identified four dimensions of success stated. This research also utilizes regression method to
identify significant predictors of overall project success in the aerospace and defense industry for
project manufacturing teams.
The main focus of this research was achieved by surveying project team members to
indicate their level of agreement with the identification of critical success factors. Performance
scores for each dimension of success were also gathered from senior management in order to
conduct the appropriate statistical analysis of the two sets of paired scores. This research
demonstrates that there are both considerable agreements and disagreements between project
team members and senior management on project success on different factors. This research
also provides some recommendations to bridge the gap between these two groups.
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CHAPTER 1: INTRODUCTION
Project Manufacturing is associated with the production of non-standardized products in a
highly complex environment where each product is the result of a project (Yang, 2013). Project
Manufacturing occurs in an Engineering to Order (ETO) environment where fully customized
products are developed a single time based on customer specifications. This environment
experiences a high level of customization, small batches, abnormal work processes, and complex
products (Rahim and Baksh, 2003). The design, engineering, and production phases are not
kicked off in the project until after the customer has confirmed the order (Rudberg and Wikner,
2004). Compared to a repetitive Make to Stock operation, it is rather difficult and costly for any
organization to operate in this environment with irregular demand. In order to be successful in
this type of ETO environment, many organizations have started to supplement their Operations
Management principles with that of Project Management.
This intersection of Project Management and Operations is at the core of Project
Manufacturing. Operations Management is the set of all activities that creates value in the form
of goods and services by transforming inputs into outputs (Heizer and Render, 2008). Project
Management, as defined by the Project Management Institute (PMI), is the application of
knowledge, skills, tools, and techniques to project activities to meet the project requirements. It
is a set of activities that are temporary with a defined start and end time, and it is something that
must be considered unique. Over the last 40 years, Project Management has increasingly
become the preferred form of management for organizations (Kloppenborg & Opfer, 2000). One
of the most highly regarded tools of Project Management is Earned Value Management (EVM).
Earned Value Analysis (EVA) is a method that allows the project manager to measure the
1

amount of work actually performed on a project beyond basic reports of cost and schedule
(Reichel, 2006). EVM is based on the assumption that past performance is an indicator of future
conditions. Theoretically, it is an objective indicator to allow comparison of where a project is
headed compared to where it should be. However, projects have a long list of uncertainties that
can limit the ability of EVM to be as powerful as advertised in a manufacturing environment.
Customer requirements can change, technical problems can be found, additional work can be
discovered, vendors may not deliver on time, the work may materialize slower than expected,
approvals may not come in on time, and priorities may change.
While critical success factors (CSFs) for achieving manufacturing (Yang 2013), project
management (Yang, 2013), project manufacturing (Pacagnella, Silva, et all, 2019), and project
team management (Hairul, 2018) have been studied, the associations between project success
and the CSFs to be successful in a multi-project manufacturing aerospace and defense
environment with multiple competing priorities have yet to be identified. Aerospace and defense
is largely dependent on funding that is appropriated and approved thru the United States
Congress. As a result, it is largely dependent on fiscal policy put in place by the political party
that is elected every four years in the White House and Congress. In response, aerospace and
defense companies are hesitant to make long term investments and financial decisions without
knowing how long those fiscal policies will stay in place. This drives the entire aerospace and
defense industry to be slower in terms of innovation and research / development as compared to
their commercial peers. Aerospace and defense companies try to utilize as much government
funding as possible to cover projects and expenses, rather than initiate the use of their own
internal funding for research and development. It is a rather complex process to get internal
funding approved for use outside of a prime government contract.
2

The purpose of this dissertation is to understand the associations between the identified
CSFs to be successful in a project manufacturing environment where trade off decisions have to
be made on different projects with the project teams success. This dissertation methodology will
be modeled after previous studies that have quantified the influence of CSFs on project
manufacturing (Pacagnella, Silva, 2019). This study will build on that by considering the CSFs
for four key areas - manufacturing, project management, project manufacturing, and project team
management. More specifically, this dissertation will look at how the CSFs mentioned above are
associated with senior management performance score.
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CHAPTER 2: LITERATURE REVIEW
In a typical project manufacturing environment, several projects are being executed at the
same time at different stages with shared resources. These activities are both going on
sequentially as well as in parallel in an environment of instability and low levels of predictability
(Fox, Jokinen, Lindfors, & Yle, 2009). As a result, it is an extremely challenging environment
with irregular demand for a number of different items that require different production processes
and significant overlap between engineering and production activities (McGovern, Hicks, &
Earl, 1999). In order to achieve success in such a domain, knowledge of all critical elements that
may influence it need to be known. The first use of the term “CSF” was utilized by Rokhart in
1979 to identify what he referred to as the “vital elements” for the success of any project.
According to the vast majority of researchers, there is consensus that much of the success of
projects is related to the presence or absence of CSFs. However, the CSFs for a project are
understood when projects are viewed individually without any other influence. What had failed
to happen originally was a thorough analysis on these CSFs in a project manufacturing
environment where multiple projects are involved and the potential for interproject interaction
may be present. In fact, in one particular study done by Murmann (43), it was found that project
delays were as high as 150% with a mean delay of 41% in a German mechanical engineering
company. In an environment with such rapid start/stops and shifting priorities, there is a clear
need to identify the CSFs for project success in this environment.
In standard manufacturing, methods of production are tailored towards the repetitive
production of the same product. Manufacturing can vary from mass production, where a
production line is producing a high volume of a certain product, to an Engineering to order
(ETO) environment. In the ETO environment, products are produced in a manufacturing
4

environment similar to job shops, however, they require different manufacturing techniques.
This is the arena where project manufacturing takes place. Manufacturing is one of the main
subsets of project manufacturing.

2.1 Manufacturing
The literature has indicated that manufacturing has its own set of CSFs. One of the most
important are the implementation of operations improvement practices. Operations improvement
practices have proven to positively contribute to performance outcomes (Dean and Snell, 1996).
This can be defined as the extent to which projects are utilizing continuous improvement in
manufacturing, to include Just in Time (JIT) principles, preventive maintenance, Total Quality
Management (TQM), and time-based competition (Zhang, 2006). These principles all attempt to
eliminate variability, and uncertainty (Fullerton and McWatters, 2001) with the main objective to
provide cost-effective high-quality parts, at the right time, at the right place, while minimizing
the use of facilities, equipment, materials, and human resources (Voss and Robinson, 1987).
JIT is a proven manufacturing system for achieving excellence by continuously
improving productivity and eliminating waste (Crawford and Cox, 1990). It has been defined
not only as a production management system but also as a set of techniques that strives to
connect the needs of the market with the needs of production (Bartezzaghi and Turco, 1989). It
is both a global approach to production as well as a set of techniques that addresses the
implementation and continuous improvement of the entire production system. JIT should not
just be geared towards the manufacturing realm though, it should be viewed from a higher point
of view, with the objective to eliminate or reduce waste in all stages of the production process
(Sakakibara et al., 1995). In this philosophy, JIT requires the production of units with minimum
inventory and lowest level of quality defects (Hum and Ng, 1995). The four basic tenants of JIT
philosophy are as follows: elimination of waste, employee involvement, supplier participation,
5

and total quality control (Monden, 1996). Benefits of JIT are at both the manufacturing level as
well as the overall business level. Manufacturing level benefits include improved relationships
with suppliers, improved customer service, and improved incoming and outgoing quality
standards (Yasin and Wafa, 1996). In order to achieve manufacturing success through JIT
efforts, Yasin and Wafa identified a number of critical success factors. First, a supportive
organizational culture must be created where senior management is championing the JIT effort.
Second, an accurate demand forecasting system must be utilized as a key input into the
manufacturing organization. Thirdly, the organization must have a systematic integrated
automation strategy and make the investments necessary to modify layouts accordingly. Finally,
it is not enough to just have a quality assurance team, but rather the team must be used in the
context of JIT. Business or financial level benefits include inventory turnover, work in process
turnover, increased quality and higher levels of flexibility (Chang and Lee, 1995). Chang and
Lee also identified a number of critical success factors for achieving financial benefits through
JIT. First, a high level of communication between production and marketing departments is
required in order to achieve the high levels of inventory and work in process turnover. Secondly,
employee participation and bottom up management are required for improving the overall levels
of quality and flexibility within the organization.
As organizations transition from manual work to higher levels of automation, firms are
gradually attaining higher levels of equipment inventory. As equipment is getting more
automated and technologically advanced, the cost of these equipment continues to go up. As a
result, it has been increasingly important to keep that equipment up and running for as much time
as possible. Preventive maintenance plays a key role in keeping equipment available for the
largest amount of time possible. The basic premise is that it is simpler and less costly to
6

maintain something before it fails than trying to fix, repair, or replace it after it has failed. Aside
from financial struggles, downed equipment can have a major impact on manufacturing by
causing bottlenecks at an inconvenient time, causing idle time by skilled and highly compensated
individuals, and could even result in quality issues for hardware that had gone thru that machine
prior to it failing (Flynn, 2009). To increase the probability of a successful preventative
maintenance program, (6) key success factors have been identified in the literature (Arca and
Prado, 2007). The first success factor is that there is a structured information system for
maintenance management. An adequate system should be in place for the proper identification
of equipment and sub equipment that is coded appropriately. The information system should be
capable of providing maintenance and intervention reports along with a connection to the
production system so that the program is able to identify hardware that may be at risk. Secondly,
a defined maintenance intervention process should be documented. Checklist of critical points or
levels should be reviewed with roles and responsibilities clearly defined. The development of
work instructions for certain interventions should be created. Thirdly, a formal training program
for maintenance personnel regarding the execution of the defined intervention process should be
conducted. This should be an iterative process where work instructions, checklist, and
documents are refined with comments from users. Fourth, an actual schedule for maintenance
activities should be developed in coordination with the production schedule to take advantage of
downtimes in production and reduce the amount of time that a machine is not available. Fifth, a
spares stock management system should be created for critical components of machines so that
replacements are readily available. This can reduce the amount of downtime while issues or
problems are resolved. Finally, the sixth success factor is that the information system should be
able to evaluate costs as well as verify that the system is working appropriately.
7

As global competition has increased, firms have turned to continuous improvement
practices to enhance their competitiveness as well as flexibility and quality. As a result, most
companies have adopted quality practices like TQM. TQM is a complete and holistic quality
management approach that considers the entire value chain with an emphasis on human factors
(Demirbag et al. 2006). To understand TQM, it is essential to break down the three key elements
of it. Total refers to the understanding that all individuals associated with the organization
contribute to quality management. Quality refers to the need for integration into the corporate
philosophy. Management refers to the executive and management commitment to the practices
required of TQM (Ho 1995). Research has shown that only an effective TQM process can
produce products with superior quality (Ng et al. 2014). The success of an effective TQM
system is dependent on the ability to effectively implement such a system within the company.
It is a very complex and difficult process, but the presence of certain factors can increase the
probability of success of TQM. As identified by Georgiev and Ohtaki (2020), an attempt to
account for the critical success factors of TQM has been studied by a number of different
scholars (Saraph et al. 1989; Kanji and Yui, 1997; Conca et al, 2004; Hietschold, 2014; Aquilani
et al, 2017; Sreedharan and Sunder, 2018). In particular, Heitschold identified 11 key critical
success factor dimensions for effective TQM implementation. They are as follows: human
Resource Management / recognition / teamwork; top management commitment; process
management; customer focus; supplier partnership; training and learning; information / analysis /
data; strategic quality planning; culture and communication; benchmarking; and social and
environmental responsibility (Hietschold, 2014).
Most recently, scholars have taken that list of identified success factors and began to look
at it in terms of hard and soft TQM factors (Georgiev and Ohtaki, 2019). Georgiev and Ohtaki
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have identified 3 specific soft CSFs which are relatively novel in terms of research – middle
management involvement and support; reward and recognition; and corporate social
responsibility. They argue that the soft aspects need to be combined with the hard aspects to
create a long-term approach towards quality improvement and business excellence.
Another potential avenue of competitive advantage that firms may seek to exploit is
capitalizing on time-based competition. The central idea behind time-based strategy is that an
organization can obtain a strong competitive advantage by responding faster to customers, by
developing new products and services faster, and by faster movement of parts throughout the
entire supply chain (Stalk, 1990). In the popular business book, Clockspeed, it is noted that
different industries evolve at different speeds and that competitive advantages based on speed
were temporary, particularly within industries that had a fast clock speed. Like limits to speed,
which have limits imposed by the laws of physics, economics principles establish limits on
business process speed. Thus, it is important to understand not only what the right time-based
strategy is, but also to understand that there must be flexibility in that strategy as it will require
constant adjustment depending on the clock speed of that industry. Time based strategies in
manufacturing processes focus primarily on reducing the set-up time for production runs as well
as quick response manufacturing. Faster delivery times in make to order environments in
particular can be a huge competitive advantage. Firms may rely on technology to reduce lead
times, while others may seek to streamline system or processes. Even the organization of teams
and the way that the team structure is created can have an affect on the ability to influence the
lead time.
In addition to the technical operations improvement practices, there are a number of nontechnical factors that are positively associated with manufacturing performance outcomes. These
9

include management, organization, and culture (Saur, 1993). The impact of organizational
culture has been found to be positively related to manufacturing performance (Santora, 2008).
Organizational culture can help shape practices that positively relate to performance. People
(Lewis, 1993), leadership (Rausch, 2005), and personal characteristics (Kendra and Taplin,
2004) have all been shown to be CSFs in manufacturing. Management must also have
responsibility for ensuring proper communication and cooperation is taking place on their teams
to enhance performance (Lee et al., 2005). From an organizational standpoint, the relationship
with the supply chain has proven to be critical in firm’s performance (Flynn et al., 2010).
Collaborative relationships with the supply chain have proven to help an organization achieve
efficient, flexible, and sustainable competitive advantages (Nyaga et al., 2010). Supplier
involvement early on in the manufacturing process has proven to contribute to the quality,
development, and cost savings of projects (Primo and Amundson, 2002). Building trust in the
buyer-supplier realm can lead to inter organizational behaviors such as shared planning,
flexibility, and coordination of activities which have been shown to contribute to further
enhancing the relationship between buyer-seller (Johnson et al., 2004). Along with the human
side of manufacturing, researchers have recognized advanced manufacturing technology as a
very important part of building a competitive manufacturing system that can meet changing
customer demands (Zhang et al., 2006).
In addition to manufacturing practices, the literature also indicated a focus on
manufacturing capabilities. Manufacturing capabilities are defined as the basic proficiencies in
manufacturing that enable firms to achieve its own production related goals (Terjesen et al.,
2011). Essentially, it is a measure of the manufacturers skill at supporting the business strategy
(Avella and Vazquez-Bustello, 2011). Manufacturing capabilities are born from manufacturing
10

strategies which have typically centered around two main models (Corbet and Claridge, 2002).
The first is the traditional trade off model, which looks at manufacturing capabilities in terms of
tradeoffs between quality, cost, dependability, flexibility, and innovation. There is also the “sand
cone” model for sequentially building manufacturing capabilities, originally developed by
Ferdows and De Meyer (1990). The sand cone model suggests focusing on the order of
capabilities as follows: quality, dependability, speed, and cost efficiency. The intent is that as
one moves from one capability to another, it does not stop development of the previous
capability but rather continue to build upon it. Ferdows and De Meyer did not deny the existence
of tradeoffs among most manufacturing capability strategies, however, they believed that the
nature of the tradeoff was contingent upon the approach. For example, they believed that cost
and quality were only traded off against each other if the attention was put on cost. However,
they argued that both could be improved if the attention was put on conformance quality.

It has

been argued that in order to fully exploit manufacturing potentials, firms should identify which
areas of the market they should compete in and then focus on achieving excellence specific to
those areas (Voss, 1955). In today’s business environment, it is no longer feasible for managers
to only compete on the basis of one or two manufacturing capabilities. Rather, the sand cone
approach where all capabilities can be enhanced should be applied. Furthermore, in order to
survive in today’s rapidly changing business environment, firms must be able to respond to
uncertainty by enhancing its flexible manufacturing competence (Zhang et al., 2006). These
manufacturing capabilities and how well they align with the competitive priorities have to be
considered together to understand how manufacturing has contributed to the business’s
performance (Avella and Vazquez-Bustelo, 2010). Studies have proved that strong
manufacturing capabilities can enhance manufacturing performance (Wiengarten et al., 2011).
11

Amongst the most positively associated manufacturing capabilities with success are those that
contribute to the firm’s ability to compete on the bases of time, flexibility, low cost, and product
quality (White, 1996). The CSFs for manufacturing success identified in the literature have been
summarized below.
CSFs for Manufacturing:
Table 1: CSFs for manufacturing

CSF:
Proven technology

TQM
JIT

Operations improvement practices
Management/organizational culture
People / leadership team
Supply chain integration
Advanced manufacturing technology
Manufacturing capabilities

Source:
Dean and Snell (1996); Ettlie and Reifeis
(1987); Kotha and Swamidass (2000); Zhang
et al. (2006)
Dean and Snell (1996)
Dean and Snell (1996); Fullerton and
McWatters (2001); Voss and Robinson
(1987)
Zhang et al. (2006)
Sauer (1993)
Kendra and Tauplin (2004); Lee et al. (2005);
Lewis (1993); Rausch (2005)
Autry and Golicic (2010); Flynn et al. (2010);
Nyaga et al. (2010)
Zhang et al. (2006)
White (1996)

2.2 Project Management
As firms look to advance and compete in a growing global environment, it has become
essential to constantly enhance and evolve business models which give the firm the highest
possible chance of success. From this necessity, effective project management has become a
critical component of almost every firm’s operating plan. Projects are typically divided into four
distinct phases of activity – conceptualization, planning, execution, and termination (Pinto and
Slevin, 1987). Conceptualization is the initial project stage where top executives determine
whether or not the project is necessary, determine preliminary goals, and outline at a high level
how to accomplish those goals. Planning involves the formal establishment of plans to achieve
the goals of the project. Scheduling, budgeting, allocation of tasks and resources take place in
12

this phase. Execution is understood to be the actual work of the project where materials and
resources are procured, the project is produced, and the capabilities of the product or service are
verified. Finally, termination involves the final activities that must be performed once the
project is completed including releasing resources, potentially moving individuals onto other
projects or tasks, and transferring of the project outcome to clients/customers. Understanding the
project life cycle is critical, as the level of effort varies from phase to phase. At first,
requirements are minimal, then a rapid increase takes place during latter parts of planning into
execution with diminishing resource requirements as the project moves into the termination
phase.
Project Managers have been defined as the person who is assigned by the performing
organization to lead the team that is responsible for achieving the project objectives (PMI, 2013).
The first application of CSFs in project management was made by Rubin and Seeling (1967),
who investigated the experience of project managers and the previous scope of projects managed
on project success. Rubin and Seeling found that the overall experience of the project manager
did not make a significant impact on project success. Rather, they found that the specific size or
scope was more significant in project success. In another study in contrast, choosing the wrong
project manager, along with unplanned project termination and lack of support from top
management were identified as the main causes of project failure (Avots, 1969). In the literature
it seems that there is a split on the significant of project managers on project success. Alvarengo
and Branco (2018) confirmed that many theoretical studies generally affirm the importance of
project managers to success, while quantitative and empirical research challenges that
presumption. Research in the 1980’s - Cleland and King (1983), Locke (1984), Morris and
Hough (1987), Baker, Murphy and Fisher (1988) all omitted project managers as CSF’s in their
13

studies of project success. Similarly, research in the 1990’s and early 21st century – Pinto &
Mantel (1990), Inayat, Melhem & Esmaely (2015), Hwang & Lim (2013); Tabish & Jha (2012)
all excluded project managers as well. This has been in direct contrast to management literature,
which has largely assumed effective leadership as critical in organizations (Turner & Miller,
2005). Recently, with the growing complexity of projects and the increase of project
management in many organizations, the role of project managers has come under more focus. In
a key study on the criticality of project managers in 2018, 740 project management professionals
evaluated the relevance of 35 critical success factors to a project’s success. The data was
analyzed using parametric procedures and the Pareto Principle was utilized to distinguish the
most critical. The data highlighted the project manager as a “hypercritical success factor”
(Alvarenga, et. Al 2018). This study confirmed the theoretical presumption of project managers
importance to project success and reinforced the perception of researchers that project
management is shifting from a pure technical perspective to a more human, social, and cultural
perspective over time. In order to thrive in this new type of project management environment, it
is critical that project managers have strong leadership competency that will enable them to
handle both the soft and hard skills of project managers that are now required in todays business
environment. The method to get to the level of leadership competency required has been up for
debate recently, however, it has been shown that experience does not necessarily relate to project
success. In a study of project managers working in Albania and Kosovo, 138 project managers
provided responses to a questionnaire. Regression analysis was performed on the data to
understand the relationship between a project manager’s experience and project success. The
regression showed that experience did not predict project success (Xoxha and McMahan, 2018).
Project managers must pay attention simultaneously to a number of different factors including
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human, technical, and financial. They are often made responsible for projects but are not given
the appropriate level of authority, money, or resources required to successfully complete the
project. Project managers usually have a series of very complex tasks that require their
coordination over multiple functions. Project managers must balance strategy and action and
know the right times to act on each. Not surprisingly, project managers need an understanding of
the tools and factors that will allow them to lead successful projects.
In a highly impactful and major research study by Pinto and Slevin (1987), ten internal
project management critical success factors were identified: project mission, top management
support, project schedule/plan, client consultation, personnel, technology to support the project,
client acceptance, monitoring and feedback, channels of communication, and troubleshooting
expertise. As defined by Pinto and Slevin (1987), project mission is the initial clarity of goals
and the general direction provided. It should be a short, well-crafted message that focuses on
critical project objectives and ensures everyone on the project is working to the same goals
(Gupta, 2016). The project mission should be defined clearly enough for all stakeholders to
understand the project’s intention, why it is necessary, and the overall direction of the project.
The benefits and significance of a clearly defined mission have been mentioned in several studies
(Morris, 1983; Fortune and White, 2006; Mir and Pinnington, 2014). Once the project mission is
clearly articulated, it is imperative that the project gains the support of top management. Top
management includes top ranking executives like the chairman, chief executive officer, director,
president, and owners (Kerzner, 2018). Top management support involves the willingness of top
management to ensure the necessary resources are available and the proper authority and power
for project success are provided. Top management should ensure that the organization is
maturing with respect to managing projects, especially in very bureaucratic organizations.
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Without the proper level of project support from top management, the project might seem like it
is not important or even unnecessary by members of the organization. Support for the project
should be very vocal and visible, as it directly influences project delivery and completion within
time, cost, and scope parameters (Jurka et al, 2015). Top management has been shown to be able
to reduce project lead time (Swink, 1999) as well as create an environment where learning can
take place amongst the team (Guns, 1996). Lack of top management support has been shown to
cause significant difficulties in handling projects (Burgess et al., 2005). Empirical studies on the
relationship between top management support and project success have also provided evidence
of a strong association between top management support and project success (Young and Poon,
2013; Ahmed and Azmi bin Mohamad, 2016). The project schedule/plan is the detailed
specification of the individual actions required for the project. Schedules are made at the
beginning of projects to provide some foresight into how projects will progress. They should
also be provided regularly during the execution phase so that teams are able to gauge their level
of performance against the plan and course correct, if necessary. Validating that a schedule is
robust entails checking that the durations of activities are sensible, restrictions in target dates and
correct, and that the proper logical sequences have been adopted (Scott, 1993). Many times, the
project schedule is blamed for the lack of project success when, the reality is that the project was
most likely not planned properly and the flawed project plan was forced to fit into a schedule that
meets the projects required completion date (Douglas, 2004). Proper project planning should be
done early in the process to help drive the right project schedule. Adequate time and resources
are needed to translate a plan into a meaningful and realistic schedule. Client consultation is
defined as the communication, consultation, and listening to all stakeholders. Companies are
frequently working with customers who are demanding value adding activities which increase
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their level of involvement in the project (Homburg et al., 2002). Customer integration is clearly
a crucial success factor on projects, especially in new product development projects (Cooper et
al., 2004). Researchers have also suggested the use of co-creation of value with the customer,
where consideration of the customer in the value creation process, prioritization of the customers
point of view, and the enhanced identification of customer wants and needs is taking place (Lush
and Vargo, 2006). The literature has indicated that there is a clear shift of project focus to the
customer. This clear shift is likely due to the positive findings on customer integration during
the early stages (idea generation) as well as late stages (prototype testing and market launch) that
can lead to increased new product success (Ernst et al., 2010). Personnel is the proper
recruitment, selection, and development of human resources necessary for the project team. In
today’s business environment with increasing reliance on alternative work arrangements like
telework and virtual teams, personnel challenges have increased. The organizational
socialization process is the process by which individuals acquire the knowledge, skills, attitudes,
and behaviors to assume a work role (Wanberg, 2012). An inability to effectively socialize into
a role can lead to delays in the completion of projects, create productivity and quality issues, and
obviously increases the cost of selection of training in an organization (Kammeyer-Mueller and
Wanberg, 2003). Based on literature from project management, human resource management,
and organizational socialization, it is clear that different project team members can have different
strategic value for the organization and should be treated individually (Batistic and Kenda,
2018). Literature has identified that projects should first understand the complexity of the
project before looking to fill personnel because different types of coordination is required as
complexity changes (Ployhart and Moliterno, 2011). Highly complex projects require a very
high level of management oversight in order to succeed according to predefined specifications
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(Bakhshi et al., 2016). Once the complexity level is understood, the right project team structure
and team members can be addressed. Potential team members should be screened according to
their unique knowledge, skills, and abilities as it relates to the strategic value they can bring to
the project (Batistic and Kenda, 2018). Technical tasks are the availability of the required
technology, resources, and expertise to accomplish the technical tasks. Large projects often have
many parties and as a result, a high number of interconnections. Those interconnections tend to
generate a high level of complexity which must be managed efficiently from a technical
standpoint (Lucas, 2000). Studies have shown a clear correlation between complexity and
performance, with performance dropping rapidly as the complexity of interconnections increases.
In fact, in one particular study it was observed that a nearly 57% drop in performance for highly
complex projects (Antoniadis, Fotwe, and Thrope, 2011). Client acceptance is the final act of
selling the project to the end user. Clear requirements up front in the project planning phase can
help ensure that the project will be accepted by the customer when it is time to hand the final
product over to them. Effective and clear communication up front with the customer can go a
long way in ensuring that there are no surprises at the end of the project when it is handed over to
the customer for final acceptance. Monitoring and feedback are the timely project control at
each stage of the implementation process. Project planning and control is critical in project
management and involves scheduling projects, identifying and reporting on the status of projects,
comparing it with baseline plans, analyzing deviations, detecting out of control situations, and
the taking of appropriate corrective actions (Hazir, 2005). Methods to monitor and control
projects include mathematical models and algorithms (Herroelen, 2005; Herroelen and Leus,
2005; Kolisch and Padman (2001); Tavares (2002); Weglarz et al. , 2011; and Zhou et al, 2013),
operations research methods like simulation and stochastic optimization (Hazir, 2015), and
18

Earned Value Analysis (EVA). Earned Value Analysis is the most widely used project control
tool in practice, especially in the defense industry which has requirements to utilize EVA from
the government for specific dollar amounts and types of contracts. Traditional methods include
Gantt charts, Critical Path Methodology, and Programme Evaluation and Review Technique (De
Falco and Falivene, 2010). With increasing information technology advancements, computerbased methods have grown as well (Lee and Rojas, 2010). Communication is the disseminating
of all necessary information and data to appropriate stakeholders in a timely manner. There are
many communication theories which can be applied to projects, like groupthink and
communication accommodation theory. Unfortunately, research has shown that it is rarely given
due consideration by leaders (Dvir and Shenhar, 2011). Most leaders do not allocate sufficient
resources nor time to understand the complexities of all stakeholder’s information needs. Each
project has a unique success criterion, and each needs its own special communication techniques
(Turner, 1999). Paramount to communication is the trust in relationships that reinforces
communication between project stakeholders so that they are able to achieve an outcome
(Munns, 1995). Two key conditions for trust to arise have been identified in the literature. The
first is risk, which creates an opportunity for trust to develop by creating a reciprocal relationship
and the second is interdependence on one another which becomes clear when one party cannot
achieve its own goals without relying on the other party (Rousseau et al., 1998). When looking
at the reasons for project failure, poor communication has often been cited as a significant reason
for failure (Skyttner, 1998; Turner and Muller, 2005). Finally, troubleshooting is the ability to
handle unexpected events that deviate from the baseline plan. No matter how much time is spent
planning and trying to avoid problems, it is inevitable that they will come up in projects. There
is no project that is immune to unexpected disruptions, with some disruptions having the
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potential to threaten the entire project and create a crisis that could threaten the entire
organization. Project troubleshooting provides a toolkit to react effectively to these unexpected
disruptions by providing a problem-solving approach to projects. At its core, troubleshooting
involves understanding a problems root causes and working towards a solution. Solution finding
is the second stage and should not be happen until adequate time has been spent in the problemsolving step and troubleshooting all potential causes of a problem. Moving too quickly into a
solution may not actually fix the problem and additional time and resources may be required to
follow up and fix the problem. Case studies have shown that project managers often fail to
conduct a disciplined troubleshooting process when under pressure (Pavlak, 2004). It is
recommended that project troubleshooting be conducted through cross functional teamwork, as
most projects have highly multi-disciplinary aspects and demand a very diverse skill set.
Researchers have likened the role of troubleshooting to that of firefighting, where proactive and
reactive measures are in place. In a proactive manner, firefighters have implemented numerous
fire prevention programs and in the reactive manner they race to the scene of fires and put it out.
Similarly, project managers can be proactive through risk management and when are forced to be
reacting, can employ a formal and well-defined troubleshooting process (Pavlak, 2004). The
following general troubleshooting framework has been recommended from a case study on
project troubleshooting: establish clear goals, triage and contain damage, be aggressive, establish
ownership, defer to expertise, test for group think and tunnel vision, create a tiger team of 7 to 10
individuals, search and explore all potential solutions before selecting, have high intensity
discussions, come to an honest consensus, use problem solving heuristics, and consider a neutral
referee to manage process and map the problem (Pavlak, 2004)). Following these findings,
researchers set to identify specific CSF’s for different types of projects. For new product
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development, a defined strategy, adequate R&D spending, and high-quality processes were
identified (Cooper and Kleinschmidt, 1996) along with senior management commitment,
organizational structure, and risk management (Lester, 1998). Having a defined product strategy
has been shown to have a tremendous effect on performance. Adequate R&D spending and
having the right human resources are strongly tied to new product performance as well. High
quality processes are one that require up front homework, tough decision points, early product
definition, and flexibility. The CSFs for project management identified in the literature have
been summarized below.
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CSFs for Project Management:
Table 2: CSFs for Project Management

CSF:
Project plan
Top management support
Personnel recruitment
Monitoring and feedback
Customer involvement
Project requirement and objectives
Adequate spending
Technical tasks
Communication
Project strategy
Trouble shooting
High quality processes
Ownership
Goal commitment of project team
Customer acceptance
Realistic expectations
Smaller project milestones
On site project manager
Politics
Logistics requirement

Source:
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Cooper and Kleinschmidt (1996)
Pinto and Slevin (1988)
Pinto and Slevin (1988)
Cooper and Kleinschmidt (1996)
Pinto and Slevin (1988)
Cooper and Kleinschmidt (1996)
Johnson et al. (2001)
Johnson et al. (2001)
Pinto and Slevin (1988)
Johnson et al. (2001)
Johnson et al. (2001)
Baker et al. (1983)
Morris and Hough (1987)
Cleland and King (1983)

2.3 Project Manufacturing
While the majority of product manufacturing is based on large scale production to
capitalize on efficiencies, there are extremely complex products that need to be made for very
specific purposes that require a high level of customization. These types of products cannot be
approached the same way as traditional manufacturing products. Instead, project manufacturing
is required for the production of these large individual products. Typical products that fall in this
category include heavy machinery, ships, oil rigs, defense aircraft and others. Project
manufacturing is defined as a production manufacturing mode that takes development and
production of large and complex systems using project management for planning and execution
(Pacagnella et al., 2019). In this environment, high levels of customization, small batch sizes,
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irregular work routines, and non-dedicated production resources are prevalent. To complicate
matters further, multiple projects of this nature are typically occurring simultaneously, with each
at a different stage and with each sharing resources. This creates an environment of instability,
where reality is deemed complex and low levels of predictability exist (Fox, Jokinen, Lindfors,
& Ylen, 2009). The literature on project management that deals with CSFs, with the first
reference of this term used by Rockart (1979). There is consensus amongst the literature that the
success of projects lies on the presence or absence of these CSFs (Inayat, Melhelm, and
Esmaeily (2014).
Pacagnella et al. (2019) identified five major areas of factors of project manufacturing
success – factors related to human resources, organization, stakeholders, project management,
and technical. The first factor related to human resources is empowerment, which is defined as
the decision power of project team members which makes the team more agile and motivated,
increasing the likelihood of project success (Rezaiea, Ostadib, Tadayoun, & Aghdasi, 2009).
The team can also be motivated by the leadership of the project manager as motivated teams tend
to be more productive (Yang, Huang, and Wu (2011). Along with leadership of the project
manager, the project managers experience has also been shown to be a key CSF if the project
manager has the right mix of experience and knowledge in the area of the project (Gonzalez,
Casas, and Coronado, 2013). Regarding the project team itself, three major characteristics were
observed as CSFs. The first is the level of flexibility, or the ability to respond to changes
effectively and efficiently (Zhang, He, and Zhou, 2013). The second characteristic is the level of
experience, which is extremely important and relevant for highly complex and integrated
projects (Lee, Anderson, Kim, and Ballard, 2013). The third characteristic is the team’s
integration capacity, defined as the explicit sharing of tacit knowledge during problem solving
23

(Zhang & He, 2015). The last CSF in the human resources category is conflict handling, which
is the ability to resolve disputes that occur during the project between stakeholders (Cheung and
Chuah, 1999).
The second major area of factors identified for project manufacturing success have to do
with organizational factors. The first factor in this category is the project managers delegated
authority (Belout and Gauvrea, 2004). Sufficient delegation of authority will allow for
independence from the organizational structure and hierarchy to obtain the resources needed to
accelerate decision making and solutions of problems when they occur. Another factor in this
category is the organizational structure, which can either hinder or facilitate the allocation of
resources and agility in decision making. The organizational structure has been shown to be one
of the most important factors because projects that are successful tend to be supported by
structures focused on their success (Creasy and Anantatmula, 2013). The third factor in this
category is change management, which if handled properly, can allow an organization to
properly manage risks and is conducive to a better relationship with clients leading to improved
likelihood of achieving success (Wang et al., 2008). Top management support is also a critical
element of success. Sufficient support from top managers is fundamental to the success of a
project (Ahmed, Mohamad, & Ahmad, 2016). With support from top management, it is easier to
obtain the resources needed and avoid/resolve conflicts in a much more efficient manner.
Finally, the last factor in this category is if a project management office (PMO) is present or not.
A PMO consists of a dedicated organization in the firm which provides support for projects.
PMO activities have been shown to increase project management competence and improve
performance (Ko et al., 2015).
The third category of factors critical to project manufacturing success is the relationship
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established with stakeholders. Maintaining effective communications with stakeholders can
keep them engaged, avoid mistakes in work, generate better results, and even increase the
probability of success (Cervone, 2014). Incentive and disincentive mechanisms like bonuses and
penalties with suppliers may reduce delivery times and costs, while improving the quality of
goods delivered (Meng & Gallagher, 2012). Integration with suppliers can increase flexibility
and the reliability of supplies (Swink, 2012). The process of choosing the right suppliers must be
done carefully, with careful consideration of quality, price, delivery, service level, warranty,
technical capacity, productive capacity, historical performance, and geographic location (Luzon
& El-Sayegh, 2016). Finally, project success is also highly dependent on how engaged the client
is. The more the client is participating in the project, the more likely the project will have
improved performance. This high level of participation must take place from the beginning of
the project life cycle though (Ribeiro, Paiva, Varajao, & Dominguez, 2013).
The fourth category of factors critical for project manufacturing success are those related
to project management. Fundamental to project management is the clear establishment of
objectives, which can guide a team to avoid unnecessary work activities and conflict (Ahmad
and Cuenca, 2013). Objectives and goals can be made clear with an established method of
project documentation for important aspects that are critical to the project’s execution and
timeline (Van Der Vedle and Van Donk, 2002). Documentation should involve technical aspects
like specifications and requirements and must be readily available to all project team members
for execution. Documentation must be managed carefully and built in a structured way so that
there is no confusion down the road when turnover occurs and there are new members on the
team. There are typically entire functional organizations dedicated to ensuring the
documentation and validity of documents called Configuration and Data Management (CDM).
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Project planning involves the deliberate planning of specific work activities that will need to be
performed to execute the project. This stage of planning is essential and has shown to be highly
linked to meeting cost, schedule, quality, and technical project performance (O’Connor, Choi,
and Winkler, 2016). Because project manufacturing is typically occurring in a multi project
environment where resources are being shared and there are competing priorities, it is even more
essential that robust project planning is taking place. Another critical factor is how requirements
are managed. Effective management requirement can help prevent costly rework, revisions, and
unnecessary expenses throughout the entire project life cycle. One of the biggest, if not the
biggest, challenges in the project manufacturing environment has to do with the issue of
multitasking. A successful project management organization is able to limit the occurrences of
multitasking through the effective organization of resources (Tromp & Homan, 2015). To do
this, it is important to understand the individual characteristics of each resource. By
understanding each resource independently, project teams are better able to determine their
availability and optimize the performance of those resources with respect to the project (Zhang
and Jin, 2011). Because projects in this environment are not independent, uncertainty and risk
are higher (Gustavsson, 2016). Identification of those interdependencies early on can help
highlight where project delays could occur (Ash, 2009). Another factor identified in the
literature is the creation and maintenance of a lessons learned registrar. The knowledge gained
from other projects can help prevent those issues from happening in the future and might even
help a team reach a solution faster. Risk management is also a very commonly cited factor for
success in both literature as well as industry. Risk identification can reduce uncertainty by
making the team aware of events that could occur so they can be better prepared to handle those
situations in the event that they occur (Hwang and Lim, 2012). Risk analysis, which is the next
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step of risk management, is the assessment of how likely the risk will occur and what the impact
of realizing that risk would be (Yet, 2016). How teams respond to risks is critical, as teams must
focus on improving project performance first and foremost. To mitigate the negative effects of
risks, time and money reserves can be utilized throughout the life cycle of the project (Lechler,
Edington, and Gao, 2012).
The fifth category of factors related to project manufacturing success are those related to
structure and technical. The first factor in this category is the communication infrastructure
which can be very complex in projects where high volumes of information have to be managed.
A strong system that can maintain data integrity and process changes is mandatory (Whyte,
Stasis, and Lindkvist, 2016). To assist in maintaining this data integrity, information systems
should be used which can house important manufacturing data like lead times and delivery dates
(Pandit and Zhu, 2007). Finally, the use of technologies that were advanced in previous projects
can help speed up projects and result in a higher quality output as lessons learned are shared
from previous projects (Li, Xie, & Xu, 2011). The list of CSFs for project manufacturing can be
found below in Table 3.
The aerospace and defense industry commonly utilize project manufacturing techniques
because of the high level of technological development, large budgets, long lead times, and
closely regulated processes that need customer monitoring (Segura et al., 2016). Tubig and
Abetti (1990) found the type of R&D and the type of contractual relationship has the greatest
influence on success of project rather than the size of the contractor. Tishler, Dvir, Shenhar, and
Lipovetsky (1996) found that defense projects in Israel exhibited that benefits to the customer are
the most important factor for success while achieving the design goals came in second. Ernst
(2002) found that the adequacy of the user, leadership of the project manager, the team’s
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adequacy and preparation, the availability of human resources, top managements support, and
management policy contribute most to the success of a project. Newman (2001) identified the
importance of managing change requirements, the final phase of verification and trials, strong
management tools for risk management, and development of contingency plans as critical factors
for success in this industry.
While success factors for project manufacturing have been explored, this study will look
to build upon those studies and identify the critical success factors for project manufacturing
from a different point of view. Rather than looking at the factors in terms of the groups that
Pacagenlla (2019) created – human resources, organizational, relationship with stakeholders,
project management, and technical aspects; this project will identify the success factors by
looking at the components of project manufacturing – traditional manufacturing, project
management, and social/team management factors.
CSFs for Project Manufacturing:
Table 3: CSFs for Project Manufacturing

CSF:
Empowerment
Project manager leadership
Project team integration
Project team flexibility
Conflict handling
Project manager experience
Team experience
Project manager authority
Organizational structure
Change management

Source:
Iyer and Jha (2005), Jin and Lin (2006),
Rezaiea (2009)
Damodara (2002), Pheng and Chuan (2006),
Yang et al. (2011
Ferriani et al. (2009), Zhang and He (2015)
Mccomb, Green, and Compton (2007)
Cheung and Chuah (1999), Laslo and
Goldberg (2008)
Gonzalez et al. (2013)
Fricke and Shenhar (2000), Lee et al. (2013),
Tishler, Dvir, Shenhar, and Lipovetsky (1996)
Belout and Gauvreau (2004), Might and
Fischer (1985)
Creasy and Anantatmula (2013), Laslo and
Goldberg (2008)
Forsman (2008), Wang, Ju, Jiang, and Klein
(2008)
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CSF:
Top management support
Project management office
Effective communication
Incentive mechanisms
Disincentive mechanisms
Integration with suppliers
Selection of suppliers
Client engagement
Clear objectives
Clear documentation
Project Planning
Management of requirements
Prevention of multitasking
Analysis of critical resources
Interdependencies between projects
Analysis of limiting factors
Register of lessons learned
Risk identification
Risk analysis
Responses to risks
Reserves of time and money
Risk control
Control of baselines
Communications infrastructure
Information systems for projects
Technical performance control
Proper execution of commissioning
Use of previous technologies
Clear Goals
Management Support
Ownership
Divide/Assign Resources
Experienced Staff
Prioritization
Customized Management
Communication

Source:
Ahmed et al. (2016), Cooke-Davies (2002),
Rezaiea et al. (2009)
Ko, Park, and Kim (2015), Scott-Young and
Samson (2008)
Cervone (2014), Fortune and White (2006)
Bower, Ashby, Gerald, and Smyk (2002),
Meng and Gallagher (2012)
Bubshait (2003), Meng and Gallagher (2012)
Horn et al. (2014), Schoenherr and Swink
(2012)
Luzon and El-Sayegh (2016)
Ribeiro et al. (2013)
Ahmad and Cuenca (2013)
Van Der Velde and Van Donk (2002)
Iyer and Jha (2005), O’Connor et al. (2016)
Karim et al. (2014)
Yeo and Ning (2002)
Zhang and Jin (2014)
Gustavsson (2016)
Ash (2009)
Chron´eer and Backlund (2015)
Hwang and Lim (2012)
Yet et al. (2016)
Zhang and Fan (2014)
Zhang et al. (2015)
Wang, Lin, and Huang (2010)
Lechler et al. (2012)
Whyte et al. (2016)
Pandit and Zhu (2007)
Pinto and Slevin (1987)
O’Connor et al. (2016)
Li et al. (2011)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)
Fricke and Shenhar (2000)

2.4 Project Team Management
Finally, after looking at the CSFs individually for each key CSF area it is essential to take
a step back and also consider perhaps the most critical component of success in any endeavor –
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people. Project team management is regarded as a key factor for project implementation (Hairul,
2018). A project team can be defined as a temporary team of employees and or people from
outside, appointed for the implementation of specific projects or tasks, after which the team is
dissolved (Lichtarski, 2007). The project team will typically consist of the project manager and
a number of other cross functional people who work together jointly on activities, implementing
and executing the project to achieve its goal. The team will include people from different groups
who may have specific knowledge or specific skills that are needed to do to work (Biskupek,
2016). While team member roles will vary from project to project, project managers are
consistently the team lead regardless of the level of formal authority or powers that he or she has
regarding the team members. Project team management has three major goals (Trocki et al.,
2009): creation of a system for personnel management, maintaining the functioning of this
system, and work on improving this system. Project team management requires the
transformation from traditional organization structures into structures that have a clear and
smooth division of work, clear definition of the nature of tasks, and a low degree of
standardization and formalization (Piotrowicz, 2004). Traditional discussions on project team
management have revolved around three types of organizational structures – functional, matrix,
and projectized organizations and are explained below (Youker, 1977). Each of the three
organizational structures are visually depicted below:

Figure 1: Classical Functional Organization
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Figure 2: Matrix Organization

Figure 3: Project Organization

The functional organization is one of the most prevalent structures in the world today.
This is where top management is at the top of the chart and middle and lower management is
spread down throughout the pyramid into different functional units. This hierarchical structure
was originally based on management theories like specialization, line and staff relations,
authority, responsibility, and span of control. According to the doctrine of specialization, the
functional units are staffed by various disciplines where individuals in that discipline are grouped
together and the head of that department has strong training and experience in that particular
discipline. The main benefit of the functional organization is the centralization of similar
resources. It provides mutual support to all members and typically involves close physical
proximity as well. The main weakness of this type of organization is that conflicts arise over
priorities when multiple projects are going on and competing for the same resources. Functional
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departments in many cases place more emphasis on their own department than on the goals of
the individual projects in an organization.
Project organizations are the exact opposite of the hierarchical functional organizations.
It is a vertical organization where all the resources needed to complete a project are separated
from their regular functional structure and self-contained in a project-based organization led by
the project manager. In this organization, the project manager is given a considerable amount of
authority over the project given that he or she has direct authority over these individuals for the
duration of the project. Interestingly, within the project managers team, the team is generally set
up as a functional organization. The main advantage of the project organization is that there is a
singleness of purpose and one command. Weaknesses of this type of organization include
duplication of facilities and inefficient use of resources. A potentially larger problem that may
affect team morale is job security of the personnel once the temporary project is completed.
The matrix organization is a structure that attempts to maximize the strengths of the
previous two structures while minimizing the weaknesses. It combines the vertical hierarchical
structure with a superimposed horizontal structure of a project coordinator. The main benefit of
this structure is the balancing of objectives and coordination across functional lines. The main
disadvantage is that the people actually working in this organization end up having two bosses –
vertically to the functional lead and horizontally to the project coordinator or project manager.
In many cases where conflict is created, the individuals can get caught in the middle. Both the
functional head and project head will tend to feel like they have little authority over their
domains.
Recently, Sloniec (2015) identified an alternative structure mechanism that revolves
around four classical structures that can be used in any project: surgical, expert, isomorphic, and
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collective. The surgical structure assumes that there is one person who is the center of the
organizational structure who is free from administrative tasks and is doing the brunt of the work.
The success of the whole project may hinge on him or her. This is mostly seen in IT projects
related to application development (Trocki et al., 2009). The expert structure is basically the
traditional matrix structure where individuals will do work based on their particular area of
specialization and the project manager will act as a coordinator for all the various specializations.
The isomorphic structure parallels the structure of the product being designed. In this structure
there is a clear division of tasks and responsibilities. The project manager’s role is to coordinate
the work of the teams so that their individual components line up to make the final project result.
These types of structures are most often used in small projects. The collective structure is an
extreme structure that exists without an actual project manager. This forces project team
members to communicate and cooperate with each other on their own. Decisions are not made
by one individual but rather collectively. Because of the collective decision making, it is
important that project members are constantly communicating with one another. This structure
is found typically only in instances when team members who have very strong personality types
are on the project team (Trzeciak and Spalek, 2017).
Choosing the right type of organizational structure is a complex process but also a very
serious decision that requires commitment and a thorough implementation (Davis and Lawrence,
1977). The literature has indicated that, in simplest terms, the optimal organizational form is the
one that best suits the organizational environment, organizational characteristics, the people
involved, the task to be accomplished, and the skills of the leader (Ford and Randolph, 1992).
Ford and Randolph (1992) defined the organizational environment to consist of four elements:
social/cultural, economic, physical, and technological. Organizational culture also plays a huge
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rule in this respect. Organizational culture, as defined by Cleland (1988), is the “environment of
beliefs, customs, knowledge, practices, and the conventional behavior of a particular social
group”. Task complexity, task diversity, rate of task change, and task size (Ford et al., 1988) are
all properties of the project that need to be considered when identifying the right structure.
Project team characteristics to consider include communication, group cohesiveness, innovation
orientation, and job level of job satisfaction are all factors to consider. Finally, the
characteristics of the project leader are also an important factor when selecting the type or
organizational structure. The ability navigate thru role conflict is critical for a project manager.
The project manager will likely encounter seven areas of conflict: project priorities,
administrative procedures, personnel resources, cost, schedules, technical opinions and tradeoffs,
and personalities (Deutsch, 1973).
Any form of project management is not done by a single person, but rather a group of
individuals. Regardless of the type of organization that is set up – functional, matrix, or
projectized, engaging the right people on the project team can lead to high levels of efficiency
and effectiveness. Effective project managers are able to create an environment of openness,
need for continuous learning, and getting to know one another (Randolph and Posner, 1988).
The figure below has been developed by Harold and Kerzner (2013) to highlight the importance
of an effective project team.
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Figure 4: Benefits of creating project team (Harold and Kerzner, 2013)

In an empirical study conducted within project teams at international corporations,
attempts to identify the set of success factors for project teams were undertaken. Utilizing the
“Phillips 66” technique, a team of 36 people were divided into six groups and led through the
exercise. This exercise resulted in 15 key success factors in the management of project teams
that were identified that spanned three broad categories. The first category were cognitive
factors. The need to learn, social knowledge, general knowledge, and understanding of the
cultural context were all identified in this category. The second category is cultural. This
includes engagement and emotional attitude, trust, mentality, interpersonal relations, acceptance
of values, and having a common objective. The third and final category focused on the
operational aspects of a project. These factors include efficiency of communication channels,
internal communication system, communication skills, the ability to initiate contacts, and goal
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orientation (Hairul, 2018).

2.5 Earned Value Management
Earned Value Management (EVM) is a comprehensive performance measurement system
(PMS) that integrates cost and schedule parameters into a single methodology to provide joint
situational awareness for project managers and customers to assess project cost, schedule, and
technical performance. EVM is an increasingly popular tool that organizations are utilizing to
report and control project performance in an objective manner. EVM is mostly prevalent in the
defense industry as it has been mandated by the United States Government for DoD contracts
valued at or greater than $20M in accordance with ANSI/EIA-748. Utilized as a PMS, EVM
helps drive organizational success (Upadhaya, 2014). Without an effective PMS, an
organization lacks the ability to track, monitor, or take corrective actions as necessary. Prior to
EVM, traditional PMS’s had two separate and independent systems with one focusing on cost
and the other focusing on schedule. Lacking integration of these two systems, a project manager
could not truly understand the health of the project. This glaring weakness could not identify the
reason a project was over or under spending since it did not cross reference time-based data.
EVM brings together cost and schedule data by integrating them into one metric. By integrating
cost and schedule data together, both project managers and the contracting agency can monitor
project health while providing a mechanism to forecast the final cost at completion of the project
as well as when the project will be completed. This easily aligns the organization at both the
strategic and operational level (McAdam, 2014) by providing detailed day to day information
while also providing the performance of the project overall. EVM does this by using a common
monetized value of work for both cost and schedule. This is where the true power of EVM lies,
allowing EVM to produce variance and performance indices to predict final project cost and
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schedule at completion.
There are three fundamental metrics of EV that are used to generate the performance
indices for cost, performance, and schedule. They are Planned Value (PV), Earned Value (EV),
and Actual Costs (AC). PV is defined as the budgeted cost of work scheduled at the measuring
point (MP). EV is defined as the budgeted cost of work performed at MP. Finally, AC is
defined as the actual cost of work performed at the MP. Once these three fundamental measures
are obtained, several key metrics and ratios can be derived which indicate the health,
performance, and outlook of the project. The Cost Variance (CV) is equal to the difference
between EV and AC. This number indicates the extent of over or under run in terms of cost.
The Schedule Variance (SV) is equal to the difference of EV and PV. This number indicates
whether a project is running behind or ahead of schedule. Negative values of CV and SV
indicate a lack of progress against the baseline plan. The Cost Performance Index (CPI) is equal
to the EV divided by AC. This is a powerful index that indicates how much it costs to earn one
dollar of budget (Wake, 2008). The Schedule Performance Index (SPI) is equal to EV divided
by PV. This index indicates the extent to which the project is running ahead or behind schedule.
If both SPI and CPI are equal to 1, the project is running exactly on schedule and budget. The
To Complete Performance Index (TCPI) is a useful index that indicates how well a project must
perform in terms of cost on the remaining work in order to complete on budget. The TCPI is
equal to the difference in Budget at Completion and EV divided by the difference in Budget at
Completion and ACWP. As a general rule of thumb, once a TCPI exceed 1.1 such a dramatic
shift in performance is difficult to achieve in reality. The table below summarizes the basic
measurements utilized in Earned Value Management.
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Table 4: Earned Value Management Measures

Measurement

Definition

Budget at Completion (BAC)

Budgeted Cost at Completion

Planned Value (PV)

Budgeted Cost of Work Scheduled

Earned Value (EV)

Budgeted Cost of Work Performed

Actual Cost (ACWP)
Cost Variance (CV)
Schedule Variance (SV)
Variance at Completion (VAC)
Cost Performance Index (CPI)
Schedule Performance Index (SPI)

Actual Cost of Work Performed
EV – ACWP
EV – PV
BAC – ACWP (at completion)
EV / ACWP
EV / PV

To Complete Performance Index (TCPI)

(BAC – EV) / (BAC – ACWP)

The Earned Value Management process begins with determining the project baseline. A
list of deliverables that need to be met are captured in a planning process that results in a
product-oriented Work Breakdown Structure or WBS (Ruskin, 2005). The WBS is a very
important project planning document as it serves as the foundation document for the project.
The WBS is what is used to develop an accurate schedule, cost, and staffing plan. For each
deliverable listed on the WBS an estimate is needed of how long it will take to complete the task.
A time phased budget is created for each activity which rolls up into each work package. The
cumulative sum of the individual budgets of the baseline is referred to as the BCWS and includes
all relevant project costs to include personnel, material, equipment, and overhead. This data will
form into the project baseline plan, or the Performance Measurement Baseline (PMB). Project
performance will be measured against the PMB at regularly defined monitoring points
established by the organization. At each monitoring point, critical information will be gathered
for each deliverable being tracked. For each task being performed, the actual costs should be
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totaled and the budgeted values for the tasks for which work has been performed should be
totaled as well. From these basic pieces of information, the metrics from Table 4 are calculated
and the health of the project can be understood. As time progresses, the PV, EV, and AC will
build up cumulatively. The data from these metrics is typically depicted graphically in an Scurve to quickly and visually communicate project progress.
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CHAPTER 3: METHODOLOGY
3.1 Introduction to Methodology
Utilizing the case study method, this research identified the CSFs for managing a cross
functional project operations team in a multi project environment. The functional members of
the project operations team are defined as follows: Operations Manager, Production Supervisor,
Production Control, Manufacturing Engineer, Test Engineer, Industrial Engineer, and Quality
Engineer. The main research technique utilized in this study was based on data obtained by
interviews and structured questionnaires. The questionnaires and interviews had questions that
were based on the identified CSFs for individual areas (manufacturing, project management,
project manufacturing, project team management) found in the literature. The methodology was
modeled after previous studies that utilized logistic regression method to quantify the influence
of the CSFs (Pacagnella, Silva, 2019) on project success.
Several steps were required to complete the analysis for this research. The first step involved
the development of the structured questionnaires that were utilized for this study. The
questionnaires were created based on each CSF identified in the literature review. A Likert
scale, from 1 to 5, was utilized where participants rated their level of agreement of the statement
provided. A “1” indicated strong disagreement and a “5” indicated strong agreement. This
survey instrument was created and administered electronically using a survey creation website
called UCF Qualtrics. The second step was to identify the exact participants of this study by
function for each project. This was done by requesting organizational charts for each project
from the senior operations project manager. The third step involved the Senior Project Manager,
who has ownership of all project teams, scoring each team on the performance of the project
from his/her point of view. This performance score is viewed as a measure of success for each
project. Drawing on the work of Shenhar, Dvir, Levy, and Maltz (2001) and Shenhar and Dvir
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(2010), project success is considered multidimensional and is defined as a combination of the
following four factors: efficiency, impact on the consumer, impact on the team, and preparation
for the future. Each of the four dimensions of success are further defined below:
1. Efficiency – ability to achieve cost, schedule, quality, and technical objectives
2. Impact on the consumer: ability to obtain client satisfaction and loyalty, in addition to
brand recognition generated by the project
3. Impact on the team – ability to generate team satisfaction and high team morale, along
with skill development
4. Preparation for the future – ability to create new technologies, new opportunities, or new
processes for the future
The Senior Manager then provided an ordinal score of the various project teams according
to their level of performance success where higher scores indicated better performance toward
success. Nonparametric statistical methods (due to small sample size and ordinal data) were
carried out to identify CSFs that are significantly associated with performance rank scores in
each of the four dimensions. Furthermore, simple linear regression analysis was carried out to
identify CSFs that were significantly associated with overall project success as well as to
quantify their influence on the overall project success.

3.2 Research Questions
In order to address the goals outlined in this dissertation, the research questions below
must be answered.
Main Research Question:
How are the CSFs identified for each of the four key areas associated with performance
success?
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Sub Research Question # 1
Which of the identified CSFs have the statistically strongest association with project’s
performance success?
Sub Research Question # 2
Which key area (manufacturing, project management, project manufacturing, and team
management) of CSFs have the statistically strongest association with project’s
performance success?

3.3 Conceptual Framework
This research identified the relationship between project manufacturing success and the factors
that have been identified for manufacturing, project management, and team management. The
conceptual framework drove the research design and is based on two main assumptions:
1. The performance of the team is impacted by the interactions among different functional
members of the team.
2. The performance of the team is impacted by various internal and external characteristics
of the project, firm, and industry.

Figure 5: Conceptual framework for research (with abbreviated CSFs)
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3.4 Hypothesis
The following hypotheses were derived from the research questions presented earlier:
*HO1: There is no association between the identified CSFs and their performance success score
HA1: There is an association between the identified CSFs and their performance success score

**HO2: There is no association between the manufacturing key area and its performance success
score
HA2: There is an association between the manufacturing key area and its performance success
score
*denotes that there will be one hypothesis with this structure for each individual critical success factor
identified in the literature
**denotes that this structure will be repeated for each of the remaining 3 key areas

3.5 Data Source and Definitions
The data for this study was gathered at a large aerospace company in the United States. It
involved data capture and analysis from over 10 independent project manufacturing teams at the
company. Each project manufacturing team consisted of the functional team members noted
previously. All projects were small to medium size, the dollar values of the projects are not
publicly releasable figures. All projects were taking place within one specific business area of
the aerospace company. The result of the project will be measured by the average overall
performance rating of the respective projects team by the Senior Project Manager who has
oversight of all projects.

3.6 Data Collection
Project team members were identified by the Senior Project Manager. An excel file with
names for each functional position along each project team was filled out and returned for this
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study by the Senior Project Manager. The project individuals matrix is provided below in Figure
6 with individual names redacted to protect the privacy of the company and individuals in the
study.
OPM
Supv
ME
PC
TE
QE

Team 1
Lacey Pettis
Jazmyn Simon
Lorena Cruz
Garry Conduff
Sherman Lontoc
Bob Gruen

Team 2
Allison Hoult
Ashley Johnson
Tanner Schmidt
Cris Chacon
Clint Cunningham
Steve Fil

Team 3
Quintal Battle
Niki Worden
Jared Romero
Minh Nguyen
Vade Lutchmidat
Ed (Ted) Farmer

Team 4
Dwayne Wiley
Daniel Artes
Josh Juliao
Lauren May
Basil Fatehalla
Ken Kolberg

Team 5
Steve Pitts
NA
Josh Nelson
Michelle James
Manny Gaor
Brian Roozrokh

Team 6
Nick Mars
NA
Paulina del Pozo
Maria Brown
Manny Gaor
Luis Hernandez

Team 7
Justin Wall
Santos Pablo
Paulina del Pozo
Maria Brown
Manny Gaor
Luis Hernandez

Team 8
Megan Crook
Jeff Mayer
Royce Chiu
Chaun Beam
Art Macahia
Ken Kolberg

Team 9
Kevin Sun
Thomas King
Jared Romero
Audie Mora
Rachelle Alexander
David Ouellette

Team 10
Travis Folmar
Daniel Artes
Paula Beach
Beatrice Burse-Wooten
Yrina Diaz
Ken Kolberg

Figure 6: Project Roster

Team performance ratings were determined by interviewing the Senior Project Manager.
The Senior Project Manager provided an ordinal score for each project team along the four
dimensions of success defined above. The average of these four performance scores for each of
the ten teams are displayed as overall performance success scores. These scores are provided in
Figure 7 below. The team names are redacted to protect company identifiable information.
Overall
Efficiency Score Impact on Consumer Score Impact on team Score Preparation for future Score
Success
(1-5)
(1-5)
(1-5)
(1-5)
Team
Score
AGTS
3
4
3
3
3.25
ALIS
5
3
5
3
4
CCTT
5
4
4
4
4.25
DDG
4
4
3
3
3.5
ECASS
5
5
5
4
4.75
LM STAR
4
4
4
4
4
RMS Programs (La Mesa)
5
4
4
4
4.25
Training
5
5
5
4
4.75
VLS (La Mesa)
5
4
4
4
4.25
VTESS (La Mesa)
3
3
4
3
3.25

Figure 7: Success Scores

A structured questionnaire with statements about the potential success factors, measured
on a five-point Likert-type scale, was provided to participants in the case study. The matrix
below was utilized to capture the responses for statistical data analysis. The names of the project
teams have again been redacted for privacy protection of the individuals and the company. The
matrix in this document is simply a snapshot of the entire matrix that was utilized.
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Performance
Q3

Cont Imp Prev Maint Leader support Set up/lead times FSL Supplier MT Adv Mfg Mfg Capab
Q4
Q5
Q6
Q7
Q8 Q9
Q10
Q11

(Team, Function)
AGTS, ME
AGTS, OPM
AGTS, PC
AGTS, QE
AGTS, Supv
AGTS, TE

9C
9A
9D
9F
9B
9E

Poor
Average
Poor
Good

1.00
2.00
4.00
4.00

4.00
3.00
3.00

3.00
4.00
5.00
5.00

4.00
4.00
2.00
4.00

4.00
3.00
2.00
4.00

5.00
5.00
4.00
5.00

2.00
4.00
4.00
5.00

2.00
5.00
2.00
5.00

Good

4.00
3.00

4.00
3.50

5.00
4.40

4.00 5.00
3.60 3.60

4.00
4.60

4.00
3.80

4.00
3.60

ALIS, ME
ALIS, OPM
ALIS, PC
ALIS, QE
ALIS, Supv
ALIS, TE

1C
1A
1D
1F
1B
1E

Good
Good
Excellent

4.00
5.00
5.00

3.00
2.00
4.00

5.00
5.00
5.00

4.00 4.00
5.00 4.00
5.00 5.00

5.00
4.00
5.00

5.00
5.00
4.00

5.00
5.00
5.00

Excellent
Excellent

4.00
5.00
4.60

1.00
4.00
2.80

4.00
5.00
4.80

2.00 5.00
5.00 5.00
4.20 4.60

4.00
5.00
4.60

5.00
5.00
4.80

4.00
5.00
4.80

CCTT, ME
CCTT, OPM
CCTT, PC
CCTT, QE
CCTT, Supv
CCTT, TE

7C
7A
7D
7F
7B
7E

Good
Excellent

5.00
4.00

3.00
3.00

5.00
5.00

4.00 5.00
5.00 5.00

4.00
5.00

4.00
5.00

4.00
5.00

Average
Average

4.00
4.00
4.25

1.00
3.00
2.50

3.00
4.00
4.25

2.00 4.00
4.00 3.00
3.75 4.25

1.00
4.00
3.50

1.00
4.00
3.50

4.00
4.00
4.25

Figure 8: Data Matrix

Each of the identified critical success factors is identified at the top horizontally in the
data file. Each project team, along with its individual members are identified vertically in the
first column. The first digit in the identification identifies the project team that each member is
on. The letter in the identification indicates which function the individual will belong to. The
following table defines which function represents each letter:
Table 5: Job Functions

Letter

Job Title

A

Operations Program Manager

B

Manufacturing Supervisor

C

Manufacturing Engineer

D

Production Control

E

Test Engineer

F

Quality Engineer
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The role of the Operations Program Manager (OPM) is to be the face of the Operations
department to the program. The OPM is responsible for cost, schedule, and quality of the
program. He/she is given financial authority and responsibility for the scope of the project
related to Operations. The OPM does not have formal leadership authority over the members of
the team. The members of the team report directly to their functional managers. The OPM can
influence but does not have authority over who the project team members will be.
The manufacturing supervisor is responsible for leading the manufacturing and test
technicians on the production floor. He/she is directly responsible for the manufacturing and test
performance of the individuals on the team as well as the scheduling of tasks. The technicians
on the production floor report directly to the manufacturing supervisor. The manufacturing
supervisor does not have financial responsibility for the project; however, they are given targets
that they must push their team to achieve in order for the overall project to be successful.
The Manufacturing Engineer (ME) is responsible for creating the processes, procedures,
and work instructions for the production and test technicians to follow in order to complete their
required tasks. The ME generally has the most technical knowledge on the project team as they
are required to identify the methods of accomplishing work tasks. A high level of interaction
takes place between the ME team and the program engineering team. ME’s will attend program
Engineering Change Review (ECR) meetings to understand any design changes that will impact
manufacturing processes and will approve/deny the design changes. The ME team also has a
high level of interaction with the production and test technicians due to the teamwork required to
solve quality problems or identify troubleshooting steps.
The Production Control team is responsible for maintaining the production schedule that
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will meet the end date required of the project. The Production Control team primarily works
within the ERP software system to backwards schedule off the project end date and create a
schedule that identifies the dates for procured material, sub-assemblies, assembly, test, and
inspection to occur. The Production Control team will work closely with the Supply Chain team
to ensure that material is ordered on time and arrives on site on time so that assembly can begin
on the scheduled start date per the ERP software system. Every transaction that occurs within
manufacturing is documented electronically within the ERP system so that no missing parts or
components will be identified later on down the line.
The test engineering team is typically responsible for loading and testing of the software
on the system that is being built. In most cases, test will not be able to begin their tasks until
manufacturing has fully completed their tasks. The test engineering team is a very skilled and
highly trained technician group that work closely with the ME team and program engineering
team to ensure that processes and procedures are correct, and steps are being documented
correctly for the quality team to check post software load.
The Quality Engineering team is responsible for ensuring that specifications have been
met, all specified procedures have been followed, and that all required documentation is
maintained throughout the production and test process. The Quality Engineering team is very
involved with the ME team as they work together to address quality issues and identify robust
corrective action to prevent it in the future. The Quality Engineer typically receives a lot of
schedule pressure from all members of the project team; however, it is their job to ensure that the
quality of the product takes priority over any type of schedule or cost implications. The Quality
Engineering team is also responsible for presenting the final product to the end customer for buy
off and acceptance.
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A preliminary data analysis was done to identify the key features of the data, prepare it
for further analysis, and summarize the initial results. Nonparametric Spearman rank correlation
methods were utilized to explore the relationship between those factors and project performance.
Regression method is utilized to identify CSFs that are significantly associated with overall
project success and to quantify their influence on project success.

3.7 Methodology – Statistical Analysis
Correlation Analysis was utilized in order to identify critical success factors that have the
highest association with the performance success scores in each of the four success dimensions.
The two variables involved in each correlation calculation are team’s average perception score
on the success of each CSF and the corresponding performance success score from the senior
project manager. The analysis was done again, this time looking at it in terms of the four key
areas instead of each CSF individually. Non-parametric Spearman’s Rank Correlation methods
were utilized due to the small sample size and ordinal data. Spearman’s Rank Correlation
measures the relationship between rankings of pairs of ordinal variables. This rank correlation
coefficient can be used to measure the strength of agreement between two rankings. A
correlation coefficient of +1 indicates a perfect agreement of ranks. A zero indicates no
agreement between ranks and a coefficient of -1 indicates a complete disagreement between
ranks. This rank correlation study is utilized to understand the association of the critical success
factors with project success where both variables are measured as ordinal.
Regression Analysis is utilized in order to understand which of the CSFs have
statistically significant impact on project overall performance scores where overall performance
success scores are calculated as the average of the four-dimensional performance scores. The
average of dimensional scores are expected to follow normal distribution due to the Central
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Limit Theorem and hence the use of regression analysis as opposed to nonparametric analyses of
each of the four-dimensional ordinal scores. Regression Analysis provides a mathematical
method to identify factors that matter most, which factors can be ignored, how factors interact
with each other, and also helps us to predict average performance scores as a function of CSF.
The regression analysis establishes a mathematical equation to predict how performance score
can be expected to change, with changes in the perception scores of project teams on each CSF.
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CHAPTER 4: RESULTS
4.1 Spearman Rank Correlation
Spearman’s rank correlation is a bivariate analysis that is conducted to measure the
strength of association or relationship between two ordinal variables as well as the direction of
their relationship. The Spearman Rank Correlation is utilized in this study as opposed to a
Pearson Correlation due to the smaller sample size (n=10) and the ordinal nature of data. In this
study, each critical factor was assigned an ordinal score by each of the n= 10 teams as well as by
the corresponding Senior Manager. The process then created n = 10 pairs of scores for each
factor. Ranking was obtained by assigning a rank of 1 to the lowest value, a 2 to the next lowest
value and so on until all 10 project teams are ranked. Tied ranks are handled using the default
method used by the software. This same rule is used for ranks of Senior Executive’s score on
each of these projects in the four key dimensions. These ranks are then utilized in the following
formula to obtain the Spearman Rank Correlation where d stands for the differences between
paired ranks mentioned above. All correlation calculations were handled in JMP for this study.
Rs = 1 – ((6∑d2 ) / (n3 – n))
The results of the Spearman Rank Correlation for all critical success factors and
performance success scores can be found in Figure 8. The CSF’s in the first column
corresponding to the highlighted R and P values are found to be statistically significantly
associated with their respective performance success scores.
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Efficiency
Consumer
Team
Future
Question R
P
R
P
R
P
R
P
4
0.6092
0.0615
0.1108
0.7606
0.7944
0.0061
0.3218
0.3646
5
0.1118
0.7585
0.2795
0.4341
0.1904
0.5982
0.3969
0.2561
6
0.3645
0.3004
0.3925
0.2618
0.4089
0.2407 -0.0724
0.8425
7 -0.1672
0.6443 -0.2786
0.4356
0.1599
0.6591
0
1
8
0.0831
0.8195
-0.36
0.3069
0.2383
0.5073
-0.143
0.6925
9 -0.4569
0.1843 -0.6092
0.0615 -0.3939
0.2601
-0.572
0.084
10
0.3303
0.3513
0.055
0.8799
0.6777
0.0313
0.1421
0.6953
11
0.3386
0.3386 -0.1129
0.7562
0.1889
0.6013 -0.1457
0.6879
12
0.2016
0.5766
0
1
0.4855
0.1549 -0.1201
0.741
13
0.1286
0.7232 -0.0857
0.8138
0.2084
0.5634 -0.1476
0.6841
14 -0.4573
0.1839 -0.2572
0.4731 -0.3143
0.3765 -0.7011
0.0239
15
0.4066
0.2436
0.2523
0.4818
0.2715
0.4481
0.3258
0.3583
16 -0.1115
0.7592 -0.2786
0.4356 -0.2931
0.4112 -0.0719
0.8434
17
0.5798
0.079 -0.2209
0.5397
0.4785
0.1618
0.2495
0.487
18 -0.1677
0.6433
0.4752
0.1652
-0.441
0.2021
0.1443
0.6908
19
0.2804
0.4326
0.5327
0.1129
0.4223
0.2241
0.6154
0.0583
20 -0.2804
0.4326 -0.2523
0.4818 -0.4558
0.1856 -0.6154
0.0583
21
0.7868
0.0069
0.1933
0.5927
0.8711
0.001
0.3921
0.2625
22 -0.2229
0.5359 -0.2229
0.5359 -0.0799
0.8263 -0.0719
0.8434
23
0
1 -0.1385
0.7029 -0.0132
0.971 -0.2503
0.4856
24
0.3977
0.255 -0.4125
0.2362
0.5353
0.1108
0.1521
0.6748
25 -0.0278
0.9393
0.5
0.1411
0.0963
0.7913
0.1434
0.6926
26
0.5311
0.1142
0.1957
0.588
0.4343
0.2098
0.6495
0.0421
27 -0.3913
0.2635
-0.559
0.093 -0.6748
0.0323 -0.6495
0.0421
28 -0.0828
0.8201 -0.1656
0.6474
0.132
0.7162 -0.1426
0.6944
29
0.4737
0.1667 -0.4458
0.1966
0.3464
0.3269
0.2878
0.4201
30
0.4603
0.1806
0.1151
0.7516
0.368
0.2955
0.5943
0.07
31
0.2508
0.4846 -0.2786
0.4356 -0.1132
0.7555
0.4317
0.2129
32
0.2664
0.4569 -0.2804
0.4326
0.3016
0.397 -0.0362
0.9209
33
0.4469
0.1923
0.062
0.8649
0.152
0.6752
0.4804
0.1599
34
0.4419
0.201
0.0884
0.8082
0.3169
0.3723
0.2282
0.526
35
0.3462
0.3272
0.4154
0.2326
0.4601
0.1809
0.6435
0.0447
36 -0.3419
0.3336
-0.057
0.8758 -0.0988
0.7861
0.2207
0.5401
37
0.3889
0.2667
0.0833
0.819
0.083
0.8197
0.3945
0.2593
38
0.3785
0.2808
0.5888
0.0733
0.382
0.2759
0.3982
0.2544
39
0.2655
0.4584 -0.2516
0.4832
0.4744
0.166 -0.0361
0.9212
40
0.4828
0.1576
0.5396
0.1075
0.3971
0.2558
0.33
0.3518
41
0.2917
0.4135
0
1 -0.1262
0.7284
0.1434
0.6926
42 -0.3424
0.3328 -0.1556
0.6677 -0.4167
0.2309 -0.3502
0.3211
43
0.4066
0.2436 -0.4486
0.1934
0.3753
0.2852
0.2534
0.48
44
0.6848
0.0289 -0.2516
0.4832
0.5612
0.0914
0.3248
0.3599
45
0.0841
0.8173
0.028
0.9387
0.2614
0.4657 -0.0724
0.8425
46
0.5556
0.0955
0.3134
0.3779
0.4086
0.241
0.7724
0.0088
47
0.3977
0.255 -0.3241
0.3609
0.4824
0.1579
0.1902
0.5987
48
0.2769
0.4386 -0.5262
0.1182
0.3707
0.2916
0.143
0.6935
49
0.0699
0.8479
0.1677
0.6433
0.4811
0.1592
0.4691
0.1714

Figure 9: Spearman Rank Correlation Table

The background, motivation, significance, and analysis on the statistically significant
associations found in Figure 7 are provided in the next sections. The full results of the
correlation analysis for all of the CSFs can be found in Appendix A.
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4.2 Spearman Rank Correlation for Critical Success Factors and Senior Manager
Efficiency Score
QUESTION # 21: The project team is able to obtain funding and purchase items that will help them

do their jobs more efficiently
Background, Motivation, and Significance:
As identified in the literature, a critical success factor for project management is for the
project to have adequate funding. Not only should the project have enough funding, the project
should have that funding readily available to access at any time as needed. There are a number
of critical inputs, as defined by the PMI, to ensure that adequate funding is understood for the
project. These inputs include understanding the source of funds, contract requirements,
economic environment, estimated cost, project duration, tax implications, and risk (PMI, 2003).
The individual responsible for funding the project is the project sponsor. The sponsor is
responsible for authorizing the project charter and providing the funds necessary for the project
team to execute its work. For the sponsor to authorize the project charter, he or she must be
confident that the funding amount calculated is the right amount for the scope of work in the
project. There are multiple approaches to calculating the estimated cost of the project, which is
outside the scope of this study. The scope of this study includes the various approaches that the
sponsor can take when funding the project. In some cases, project sponsors may fund the project
very aggressively, essentially presenting an aggressive cost target that the team will have to
strive to obtain efficiently. In this scenario, the project team does not have extra funding for
process improvement events or purchase of capital equipment. The sponsor may also choose to
provide some extra funding so that the project team can remain flexible in their approach and
adapt to changing conditions. In this scenario, project teams may be able to partake in some
investments for the better of the project.
For example, in this particular project manufacturing environment, the manufacturing
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center has an Advanced Manufacturing Lab with a number of high quality 3-D printers. The
Advanced Manufacturing Lab is owned by the factory, not by the project teams. However, one
of the main purposes of this Advanced Manufacturing Lab is to develop manufacturing aids,
manufacturing tools, and even manufacturing components to help the project teams in their
execution. Of course, this center does not run free and the project teams who wish to utilize the
center for aids & tools must provide a “charge number”, which is essentially like a credit card
that gets billed to the project for utilizing the labs services. Project teams who have some
additional funding available are able to make the investment and purchase these aids, tools, and
components for their projects. Project teams who do not have the luxury of extra funds are not
able to.
Another example occurs when project teams are working on highly manual tasks which
have the potential to be done more efficiently thru the development of automation techniques.
Unfortunately, the projects are funded for very discrete tasks directly related to the execution of
the project. Project team members are only authorized to work specific tasks that have been
funded, they are not allowed to deviate from those tasks unless explicit deviations have been
funded at the time of project budgeting by the project sponsor. In some cases, project sponsors
are able to provide funding for automation efforts but in other cases they are not. Project teams
who have the extra funding allocated to them for development of automation techniques, for
example, are able to make the business case that the cost savings from automation is greater than
the cost of developing the automation for the project. Project teams that do not have that funding
are not even able to attempt to explore the business case for such events. The intent of this
question is to assess the level of extra funding available outside of discretely defined project
tasks that the team can take advantage of.
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Analysis:
Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Team
Avg Response for
Sr Mgr Efficiency
Question # 21
Score
1
3.8
3
2
4.8
5
3
4.25
5
4
3.5
4
5
4.33
5
6
3.75
4
7
4.67
5
8
4.92
5
9
4
5
10
4
3
Figure 10: Q21 & Sr Mgr Efficiency

Figure 11: JMP Output Q21

From the Spearman Rank Correlation analysis between the average team response for
Question # 21 and the Sr Mgr Efficiency Score, the rank correlation coefficient is r= .7868 with a
p value of .00069, which is statistically significant at the alpha = .05 significance level. This
strong positive correlation indicates that the two variables have a positive relation where higher
values of one variable tend to be associated with higher values of the other, and lower values of
one variable tend to be associated with lower values of the other. In this setting, this correlation
is indicative that there is a strong agreement between the project teams and the senior manager
regarding the ability of the project teams to receive funding as needed. Project teams that rated
themselves as having a high amount of funding available tended to have higher efficiency scores
from the senior manager. Similarly, project teams that rated themselves as having a low amount
of funding available tended to have lower efficiency scores from the senior manager.
For the purposes of this study, efficiency is considered to be a dimension of project
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success and is defined as follows: the ability to achieve cost, schedule, quality and technical
objectives. Based on the positive association of this relationship, it appears that having access to
an adequate level of project funding has led to higher efficiency scores. This is likely because
the assets being purchased are providing positive benefits in the form of cost, schedule, quality,
or technical dimensions. Some of the assets being purchased are automating tasks that used to be
done manually, providing cost savings to the project as well as providing schedule relief. Other
assets are being purchased to mistake proof processes and prevent errors from occurring, helping
the project to better achieve quality or technical specifications. It appears that projects are
getting a significant return on investment from these purchases. Project teams that have less
funding tended to have lower efficiency scores. Since these teams had less funding, it can be
assumed that the teams had lower levels of automation tools and thus a lower level of efficiency.
4.2.2 QUESTION # 44: My team members and I have similar approaches on how to make this

project successful
Background, Motivation, and Significance:
As identified in the literature, a critical success factor for project team management is
having a team with members who have similar approaches on how to make a project successful.
In this particular study, project team members consist of six different functional team members
(OPM, Supervisor, ME, PC, TE, and QE). The project team members also have varying levels
of experience, with some employees who have been with the organization less than five years,
some members greater than twenty-five years, and some in between the two numbers. These
individuals also have various backgrounds and experiences, some coming from a technical
background and some coming from a non-technical background. The diversity of individuals
with regards to education, background, and experiences results in a team that can have a number
of different opinions on any given item. This provides an opportunity to capitalize on the
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diversity of opinions but may also lead to frustration and stagnation as a team when a common
approach or objective cannot be agreed upon.
The intent of this question is to understand how having a team with similar approaches
influences the overall success of that project team. In this particular instance, the analysis is
being conducted within the efficiency dimension of success. A deeper meaning behind this
question relates to conflict and the appropriate level of conflict that should be present in teams.
Inherently, lower levels of conflict can be assumed if team members have similar approaches to a
problem. Low levels of conflict can be classified as responses that are scored higher for this
question. Higher levels of conflict would be classified as responses that are scored lower for this
question.
There are a number of examples of different approaches that project team members may
have for how to make projects successful. For example, some members of the project team may
prefer to have a time buffer between every step of the project process to ensure that there is
enough time to complete the project. Other team members may prefer that no buffer exists
within the tasks of the project, but that a large buffer is provided at the end backing off of the
customer end date. Another example is that some members of the project team may advocate for
the manufacturing routers to be released only when all subcomponents have been planned or
identified. Others may advocate to release the routers that are available and work up to the point
where no further work can be completed. These are all examples of decisions that project
personnel in this factory have to make every day. These are also sources of intense conflict that
occur within these project teams.
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Analysis:
Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 6: Q44 and Sr Mgr Efficiency

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 44
3.6
4.8
4.33
1
4.33
4.25
4.33
4
4.5
4.25

Sr Mgr Efficiency
Score
3
5
5
4
5
4
5
5
5
3

Figure 12: JMP output Q44

From the Spearman Rank Correlation analysis between the average team response for
Question # 44 and the Sr Mgr Efficiency Score, the rank correlation coefficient is r= .6848 with a
p value of .0289, which is statistically significant at the alpha = .05 significance level. This
strong positive correlation indicates that the two variables have a positive relation where higher
values of one variable tend to be associated with higher values of the other, and lower values of
one variable tend to be associated with lower values of the other. In this setting, this correlation
is indicative that there is a strong agreement between the project teams and the senior manager
on project team members having similar approaches on how to make projects successful. Project
teams that rated themselves high on similar approaches tended to have higher overall scores from
the senior manager. Similarly, project teams that rated themselves low tended to have lower
overall scores from the senior manager.
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There are a number of potential explanations for this relationship identified. First, it is
possible that project team members that have similar approaches on how to make projects
successful will likely see less conflict within the team. Project teams are more quickly able to
make decisions and move forward on project tasks, which contributes to the efficiency
dimension of success. By moving quickly on project tasks, teams are able to contribute
positively towards cost and schedule objectives of the project which are part of the efficiency
definition. Teams that do not have similar approaches may find themselves trying multiple
different approaches, with each approach taking time and money until they get to a solution.
This directly contradicts the definition of efficiency and could help explain why lower scores on
this question tended to be accompanied by lower scores from the senior manager on that teams
efficiency score.
Another potential explanation for this relationship is that project teams who have more
similar approaches are less likely to have concerns or problems elevated to the senior manager.
The senior manager may develop a negative view of a team if they are constantly elevating
disagreements to him. This could result in an unconscious bias to view these teams more
negatively. Teams who are able to work together more harmoniously are typically reflective of
teams that have strong leadership, as such, the senior manager may exhibit favoritism to these
teams as a means of showcasing his leadership ability in developing a cohesive team.
Regarding the role of conflict that is inherent in this question, the analysis suggests that
conflict is not healthy for a team in terms of operating at a high efficiency level. This is not to
suggest that conflict is not healthy for the project overall, but rather, that it does not correlate
with higher efficiency scores. Teams that had a higher amount of disagreements or conflicts,
tended to see lower scores from the senior manager in terms of efficiency. Thus, it is
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hypothesized that different approaches lead to conflict which requires additional coordination
from the Senior Manager. As a result, the Senior Manager may have a less favorable view of that
specific project team.
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4.3 Spearman Rank Correlation for Critical Success Factors and Senior Manager
Team Score
4.3.1 QUESTION # 27: I feel empowered in my project team (e.g. ability to make decisions, suggest

ideas, etc.)

Background, Motivation, and Significance:
The background, motivation, and significance of this question has already been explained
previously. This rank correlation was conducted between the critical success factor identified in
this question against the impact on team score provided by the Senior Manager. The previous
rank correlation was conducted against the overall score provided by the Senior Manager.
Analysis:
Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 7: Q27 and Impact on Team

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 27
4
4.8
4.67
5
4.33
4.5
4.67
4
5
4.75

Figure 13: JMP output Q27
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Sr Mgr Impact on
Team Score
3
5
4
3
5
4
4
5
4
4

From the Spearman Rank Correlation analysis between the average team response for
Question # 27 and the Sr Mgr Impact on Team Score, the rank correlation coefficient is r= -.6748
with a p value =.0323, which is statistically significant at the alpha = .05 significance level. This
strong negative correlation indicates that the two variables have an inverse relationship where
higher values of one variable tend to be associated with lower values of the higher, and vice
versa. In this setting, this correlation is indicative of a strong disagreement between the project
teams and the senior manager on the level of empowerment on the project teams. Project teams
that rated themselves as having a high level of empowerment tended to have lower team scores
from the senior manager. Similarly, project teams that rated themselves as having low levels of
empowerment tended to have higher team scores from the senior manager. This statistical
disagreement on empowerment between the teams and Senior Manager does not necessarily
imply low level of empowerment on teams, it merely indicates a disagreement between the two
groups.
There are a number of potential explanations for this inverse relationship. It is possible
that there is a disconnect between project teams and the Senior Manager regarding the impact of
empowerment on the team. It is possible that project teams view empowerment as an
impediment to team satisfaction, while the Senior Manager considers empowerment as a critical
tool for team satisfaction. It is also possible that the project team views empowerment as critical
to team satisfaction, however, the Senior Manager considers empowerment to not generate team
satisfaction or morale. Clearly the teams and Senior Manager differ in their valuation of
empowerment in terms of the impact on the team. It is recommended that the project teams and
Senior Manager work closely together to understand the criticality of empowerment on team
61

satisfaction.
Another potential explanation for this inverse relationship is the possibility that Senior
Manager is not truly comfortable with empowerment and relinquishing control down to the
project teams. It is possible that the appropriate level of trust has not been established between
project teams and Senior Manager. The Senior Manager who has empowered a project team
may view that team as riskier and that may impact their view of the project team. It is also
possible that the Senior Manager does not see any actual skill development from the project
teams when empowerment has occurred. These are all factors that could influence the Senior
Manager to view the impact of empowerment on the team in a differing manner.
4.3.2 QUESTION # 10: My project team utilizes Advanced Manufacturing Technology

Background, Motivation, and Significance:
As identified in the literature, Advanced Manufacturing Technology is a very critical
piece of building a competitive manufacturing system that can meet changing customer demands
(Zhang, et al., 2006). It is a set of tools that automate and integrates steps in a product design,
manufacturing, and planning and control (Ettlie and Reifeis, 1987). This particular facility has
access to a number of different Advanced Manufacturing Technologies such as the following:
computer aided design (CAD), computer aided process planning (CAPP), CNC machines,
automated storage and retrieval systems (AS/RS), automated material handling systems
(AMHS), flexible manufacturing system (FMS), and computer integrated manufacturing in the
form of MRP. The facility has grown to include a dedicated Advanced Manufacturing
Technology center that utilizes the latest 3D printers to develop project aids, manufacturing aids,
and has even developed components for projects when suppliers have not provided the right
solution.
The intent of this question is to understand how project teams utilize Advanced
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Manufacturing Technology and the effect of that utilization on project team development.
Project teams at this facility have the ability to vary their adoption of Advanced Manufacturing
Technology. Some project teams may choose to utilize at a low level, some may choose to
utilize at a high level. In some cases, the project team may utilize this technology for
development projects to quickly develop prototypes for testing at a cheaper rate than procuring
the materials for the prototype. Utilizing the 3D printers for protypes to use at customer
demonstrations has become very popular at this particular facility. The 3D printers have a wide
range of capabilities, from small and intricate parts of a few inches to much larger parts that are
as big as furniture. In order to utilize this technology, project teams need to coordinate and work
together to decide what the appropriate technologies are and then need to make a business case
together to secure funding for these technologies.
Analysis:
Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree (1)
Table 8: Q10 and Impact on Team

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 10
3.8
4.8
3.5
3
4
4.25
4.33
4.5
3.67
3.75

Figure 14: JMP Output Q10
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Sr Mgr Impact on
Team Score
3
5
4
3
5
4
4
5
4
4

From the Spearman Rank Correlation analysis between the average team response for
Question # 10 and the Sr Mgr Impact on Team Score, the rank correlation coefficient is r= .6777
with a p value of .0313, which is statistically significant at the alpha = .05 significance level.
This strong positive correlation indicates that the two variables have a positive relationship
where higher values of one variable tend to be associated with higher values of the other, and
vice versa. In this setting, this correlation is indicative of a strong agreement between the project
teams and the senior manager on the level of Advanced Manufacturing Technology utilized on
the project teams. Project teams that rated themselves as having high Advanced Manufacturing
Technology tended to have higher team scores from the senior manager. Similarly, project teams
that rated themselves as having low levels of Advanced Manufacturing Technology tended to
have lower team scores from the senior manager. This statistical agreement does not necessarily
imply a high or low level of Advanced Manufacturing Technology on teams, it merely indicates
an agreement between the level of Advanced Manufacturing Technology between the two
groups.
There are a number of potential explanations for this positive relationship. A high
utilization of Advanced Manufacturing Technology could, in theory, reduce the manual or
repetitive work that has to be completed by the project team. In many cases, manual repetitive
work would be classified as inefficient. It can by hypothesized that an efficient and easy process
would result in team members who are less burned out and ultimately have a higher level of job
or project satisfaction. Higher levels of efficiency can save a lot of time for the project team,
which could utilize that time to focus on other tasks and even utilize that time to focus on team
relationships. A project team that is working with reduced stress levels from utilization of
Advanced Manufacturing Technology could be seen as having a high ability to generate team
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satisfaction from the Senior Manager’s perspective.
Another potential explanation for this positive relationship could result from the process
of obtaining Advanced Manufacturing Technology at this facility. In order to obtain this
technology, the project team must be able to very clearly articulate the need and develop a strong
business case. The development of this business case requires input from every member of the
project team. Clearly, there has to be a level of coordination and teamwork to make a successful
business case between the project team members. Teams that have a high amount of team
satisfaction and high team morale would be better positioned to create a successful business case
to senior managers. As a result, the Senior Manager may associate teams that have successfully
developed business cases for Advanced Manufacturing Technology with a higher likelihood of
developing strong project team relationships and satisfaction amongst the team. Project teams
that are unable to work well together to come up with a business care for Advanced
Manufacturing Technology may likely struggle to come up with any sort of task that requires
coordination and teamwork. As a result, those teams are likely to have lower levels of team
satisfaction and morale on the team.
4.3.3 QUESTION # 4: My project team utilizes principles (e.g. Just in Time Manufacturing, Total

Quality Management, Lean Manufacturing, etc.) of Continuous Improvement

Background, Motivation, and Significance:
As identified in the literature, operations improvement practices have been shown to
positively contribute to performance outcomes (Dean and Snell, 1996). Operations improvement
practices include practices such as Just in Time (JIT), preventative maintenance, Total Quality
Management (TQM), and time-based competition (Zhang, 2006). The purpose of these practices
is to eliminate variation, waste, and uncertainty from processes. It is important to note that this is
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not relegated to just manufacturing processes but all processes across the entire value chain.
The intent of this question is to understand the relationship between the level of operations
improvement practices implemented by a project team and the overall team score given to the
project team by the Senior Manager. The overall team score dimension of success is defined as
the ability to generate team satisfaction and high team morale.
This particular company has made a significant corporate investment into adopting
operations improvement practices. The company has invested a considerable amount of
resources on training individuals on the practices of Lean Six Sigma. The company offers green
belt, black belt, and master black belt Lean Six Sigma certification to all employees. Green belt
training is 40 hours of training, black belt training is 80 hours of training, and master black belt
training requires additional training hours along with practical real-world projects to demonstrate
the skills learned in training. These trained individuals are utilized to help develop Structure
Improvement Activities (SIA’s) and act as consultants to project teams who have identified an
inefficiency in their process and would like to find a solution.
All project teams at this facility who were studies also participated in a minimum of one
weekly operations improvement session with the entire project team. These teams focus on
meeting to identify problems and come together for a solution. Teams are judged based on the
amount of cost savings from the improvement ideas that have been generated in those meetings.
The teams are also reviewing metrics and data to better understand how they are performing and
areas for improvement that are needed. At the beginning of the year, each team will identify
some project goals to achieve by quarter for the rest of the year. Teams commit to achieving
these continuous improvement targets and are financially compensated and rewarded to obtain
those targets. At the end of the year, the executive team will review all continuous improvement
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accomplishments and will award one team for “Team of the Year”.
Clearly, the executive team at the site of study have taken these continuous improvement
practices very seriously. A considerable amount of time and money has been invested to push
teams to adopt such principles. This question will assess how the adoption of those principles
are associated with impacts on the team.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 9: Q4 and Impact on Team

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 4
3
4.6
4.25
3
5
3.75
4.67
4.5
4.33
4.5

Sr Mgr Impact on
Team Score
3
5
4
3
5
4
4
5
4
4

Figure 15: JMP Output Q4

From the Spearman Rank Correlation analysis between the average team response for
Question # 4 and the Sr Mgr Impact on Team Score, the rank correlation coefficient is r= .7944
with a p value of .0061, which is statistically significant at the alpha = .05 significance level.
This strong positive correlation indicates that the two variables have a positive relationship
where higher values of one variable tend to be associated with higher values of the other, and
vice versa. In this setting, this correlation is indicative of a strong agreement between the project
teams and the senior manager on the adoption of Continuous Improvement principles utilized on
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the project teams. Project teams that rated themselves as having high utilization of Continuous
Improvement principles tended to have higher overall scores from the senior manager.
Similarly, project teams that rated themselves as having low levels of Continuous Improvement
principles tended to have lower overall scores from the senior manager. This statistical
agreement does not necessarily imply a high or low level of Continuous Improvement principles
on teams, it merely indicates an agreement between the level of Continuous Improvement
principles and overall team score between the two groups.
There are a number of potential explanations for this positive relationship. There are a
high number of Lean Six Sigma trained and certified individuals on the project teams. These
individuals vary from being green belt, black belt, and master black belt trained and certified in
Lean Six Sigma. Training and certification is handled internally within the company. Lean Six
Sigma training at this company provides specific training on facilitating team discussions and
how to work best with one another in teams. Lean Six Sigma training provides tools to ensure
everyone on the team has input into any problem that has been identified. This translates directly
into the impact on team dimension of success which measures the level of team satisfaction and
morale. A possible explanation for the positive relationship between continuous improvement
principles and higher overall team scores is due to the high number of lean six sigma trained
individuals on the project teams.
Another potential explanation for this positive relationship has to do with the concept of
Total Quality Management or TQM. This particular facility is required to be AS9100 certified.
Many of the principles of AS9100 are adopted from TQM principles. TQM principles considers
the entire value chain but does focus on human factors. The “M” in TQW stands for
management and it refers to the executive and management commitment to the practices required
68

of TQM. Clearly, for a project team to adopt TQM there must be integration with the
management team. As a result, it can by hypothesized that this integration helps explain the
positive association between the senior manager and the project teams regarding principles such
as TQM. Specific to the impact on team dimension of success, TQM focuses on teamwork,
recognition, partnerships, culture, communication, and social/environmental responsibility – to
name a few (Hietschold, 2014). All of these mentioned focus items directly relate to the impact
on team dimension by contributing positively to team satisfaction and morale. Lower adoption
of continuous improvement principles on teams typically correlates with lower senior manager
impact on team score. Additional statistical test in the form of regression has found that this
factor is a significant predictor of overall performance success score, which indicates that a
lower adoption rate of CI principles may lead to lower overall performance score, which may in
turn lead to lower impact on team score due to the constant turnover that occurs when a project is
not performing well.
4.3.4 QUESTION # 21: The project team is able to obtain funding and purchase items that will help

them do their jobs more efficiently
Background, Motivation, and Significance:
The background, motivation, and significance of this question has already been covered
in a previous section. The intent of this question to understand the association between funding
level and senior manager impact on team score. The impact on team score is defined as the
ability to generate team satisfaction and high team morale. The previous use of this question was
done in relation to efficiency score given by the Senior Manager as well as the overall score
given by the Senior Manager.
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Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 10: Q21 and Impact on Team

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 21
3.8
4.8
4.25
3.5
4.33
3.75
4.67
5
4
4

Sr Mgr Impact on
Team Score
3
5
4
3
5
4
4
5
4
4

Figure 16: JMP Output Q21

From the Spearman Rank Correlation analysis between the average team response for
Question # 21 and the Sr Mgr Impact on Team Score, the rank correlation coefficient is r= .8711
with a p value of .001, which is statistically significant at the alpha = .05 significance level. This
strong positive correlation indicates that the two variables have a positive relationship where
higher values of one variable tend to be associated with higher values of the other, and vice
versa. In this setting, this correlation is indicative of a strong agreement between the project
teams and the senior manager regarding the ability of the project teams to receive funding as
needed. Project teams that rated themselves as having high ability to obtain funding tended to
have higher impact on team scores from the senior manager. Similarly, project teams that rated
themselves as having low ability to obtain funding tended to have lower overall scores from the
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senior manager. However, this statistical agreement on funding level between the teams and
Senior Managers does not necessarily imply availability of high or low level of funding. The
correlation can be high if project team has the ability to receive needed funding and the Senior
Manager agreed with this assertion. The correlation could also be high if the project team does
not have the ability to receive needed funding and the Senior Manager agreed with this assertion
as well.
There are a number of potential explanations for this positive relationship. The impact on
team score is determined by the Senior Managers impression of job satisfaction and morale on
each project team. A team that is well funded and has access to financial resources is likely to
have lower overall stress as it relates to the ability to successfully execute on project
requirements. It can by hypothesized that project teams who do not have financial stress are
more likely to have higher team morale. The Senior Manager may consider this as a reason to
believe that project teams who have more access to funding have a better impact on team score.
A project team that does not have easy access to needed financial resources could be strained and
this could cause pressure internally within the project team. There could be frustration amongst
the team when they see other teams have access and they do not. This could discourage the team
and affect the morale of the project team members. The Senior Manager could similarly view
this in the same light and agree with the project teams assessment regarding the impact on team
dimension of success.
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4.4 Spearman Rank Correlation for Critical Success Factors and Senior Manager
Future Score
4.4.1 QUESTION # 14: I am aware of and understand the overall mission of the project

Background, Motivation, and Significance:
As identified in the literature, project mission is one of the top ten most critical success
factors for project management (Pinto and Slevin, 1987). A strong project mission statement
will provide the team with initial clarity of goals and the general direction for the team to follow.
Everyone on the project team should be aware of the mission of the project. As such, the
mission should be simple and easy to follow. In this scenario, the intent of this question is to
understand the association between the project teams assessment of understanding the mission
and the Senior Managers score for the project teams regarding their ability to prepare for the
future. Preparation for the future is defined as the ability to create new technologies, new
opportunities, or new processes for the future.
The project teams at this particular site are working within the aerospace and defense
industry with a high number of Engineering to Order (ETO) customer requirements. In many
cases, customers come to the project teams and simply express a problem statement or capability
gap. The project teams will in many cases work very closely with the customer to develop a
product that can help bridge that capability gap for the customer. Some project teams are able to
convince the customer that there are some supplementary technologies or products that can help
meet capability gaps that the customer has not even perceived yet. These project teams are
identifying new opportunities and preparing new technologies for the customer. This helps bring
in new business to the company and long-term profitability. Teams may also identify
opportunities to continue supporting the product after it is developed thru sustainment or after
sales support. Some project teams propose maintenance and repair options with the customer
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and are able to make more profit in after sale support than the actual sale of the product itself.
Another way that project teams are able to better prepare themselves for the future is to
continuously refine and improve the products that they currently have. By continuously
improving in terms of capability or cost, the project can keep providing compelling cases for the
customer to continue procuring these capabilities from the project teams. For project teams to be
successful in this dimension of success, it is critical that decisions are made from the beginning
to make the product with as much design flexibility as possible. Project teams who are able to
maintain this sort of flexibility very likely are going to see benefits from that in the future.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 11: Q14 and Impact on Future

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 14
5
4.8
4.75
5
5
4.5
4.67
4.5
4.67
5

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4
3

Figure 17: JMP Output Q14

From the Spearman Rank Correlation analysis between the average team response for
Question # 14 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= -.7011 with a p value of .0239, which is statistically significant at the alpha = .05 significance
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level. This strong negative correlation indicates that the two variables have an inverse
relationship where higher values of one variable tend to be associated with lower values of the
other, and vice versa. In this setting, this correlation is indicative of a strong disagreement
between the project teams and the senior manager regarding the understanding of the overall
mission of the project teams. Project teams that rated themselves as having high understanding
of the mission tended to have lower preparation for the future scores from the senior manager.
Similarly, project teams that rated themselves as having low understanding of the mission tended
to have higher overall scores from the senior manager. This statistical disagreement on
understanding of the mission does not necessarily imply a high or level of understanding of the
mission. The correlation can be low if project teams believe they have a high understanding of
the mission and the Senior Manager thinks they have a low understanding. The correlation could
also be low if the project teams believe they have a low understanding of the mission and the
Senior Manager thinks they have a high understanding.
There are a number of potential explanations for this negative relationship. The first
potential explanation is that there is a gap between project teams and Senior Managers on the
role of a mission on the project team. One would hypothesize that there would be a positive
relationship between the mission of a project and the overall preparation for the future of that
project team. However, this is not the case here and it could be due to a number of different
reasons. Firstly, it is possible that project teams do not truly understand what a mission is and
the role of a mission on a project. Secondly, it is possible that the Senior Manager did not do a
good job communicating the role of the mission on the project. It is perhaps not articulated to
the point where project team members truly understand what it means specific to their day to day
responsibilities or job on the project team. The Senior Manager may be valuing the role of the
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project mission very highly, where the project teams do not really value or understand the
importance of it in the same manner. Similarly, it is possible that the project teams are over
valuing the role of the project mission and perhaps spending too much time on this when it does
not matter to the Senior Manager. It is recommended that these two groups get together to
understand how the other views the role of project mission. The bridge in communication should
be closed so that project teams and Senior Manager are not investing different amounts of time
and energy on something that is not clearly articulated to the other group.
4.4.2 QUESTION # 27: I feel empowered in my project team (e.g. ability to make decisions, suggest

ideas, etc.)
Background, Motivation, and Significance:
The background, motivation, and significance of this question has already been
previously addressed in a previous section on the association between this question and the
Senior Managers overall and impact on team score. The intent of this question is to understand
the association between empowerment and the Senior Manager score on preparation for the
future. The correlation for all three dimensions of success were strongly negative at an alpha =
.05 significance level.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 12: Q27 and Impact on Future

Team
1
2
3
4
5
6
7
8

Avg Response for
Question # 27
4
4.8
4.67
5
4.33
4.5
4.67
4
75

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4

Team
9
10

Avg Response for
Question # 27
5
4.75

Sr Mgr Impact on
Future Score
4
3

Figure 18: JMP Output Q27 and Impact on Team

From the Spearman Rank Correlation analysis between the average team response for
Question # 27 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= -.6495 with a p value =.0421, which is statistically significant at the alpha = .05 significance
level. This strong negative correlation indicates that the two variables have an inverse
relationship where higher values of one variable tend to be associated with lower values of the
other, and vice versa. In this setting, this correlation is indicative of a strong disagreement
between the project teams and the senior manager regarding the level of empowerment of the
project teams. Project teams that rated themselves as having high level of empowerment tended
to have lower preparation for the future scores from the senior manager. Similarly, project teams
that rated themselves as having low level of empowerment tended to have higher overall scores
from the senior manager. This statistical disagreement on empowerment does not necessarily
imply a high or low level of empowerment on the project teams. The correlation can be low if
project teams believe they have a high level of empowerment and the Senior Manager thinks
they have a low level of empowerment. The correlation could also be low if the project teams
believe they have a low level of empowerment and the Senior Manager thinks they have a high
level of empowerment.
There are a number of potential explanations for this negative relationship. Teams that
have a high level of empowerment, in theory, should be better prepared for the future as they
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have experience with making critical decisions that will impact the project long term. However,
this is not the case in this setting. This could potentially be explained by the previous theory on
empowerment where project teams were empowered to make decisions but were not provided
the appropriate training to make the right decisions with the empowerment given. Project team
members could be making the wrong decisions and without any sort of reinforcement
mechanism, would continue to make those same poor decisions going into the future.
Teams that had low levels of empowerment could be seen as being better prepared for the
future by the Senior Manager because they have not made many poor decisions. If the Senior
Management team has not delegated authority down to the teams, the teams would be executing
actions the way that the Senior Management team would like to do it rather than giving the
project teams the ability to make those decisions. Senior Management team is not highly likely
to be critical of themselves or their decision making and thus could be viewing those teams with
less empowerment as being better prepared.
4.4.3 QUESTION # 20: Technical resources (Engineers, SME’s, etc.) are available to address

problems when they occur
Background, Motivation, and Significance:
The intent of this question is to understand the association between the availability of
technical resources for a project team and the senior manager future score. There are a number
of technical resources that are available to project teams at this facility. Every project team has
at least one hardware engineer and one software engineer that is available for assistance. Each of
these engineers are usually part of a functional engineering team that has a number of individuals
with varying areas of expertise. The project teams also have dedicated subject matter experts
across the corporation who are provided as consultants to projects as needed. These subject
matter experts have expertise in areas such as rocket science, propulsion, material science,
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physics, astronomy, chemical engineering, and data analytics just to name a few. There is a very
stringent process to becoming a certified subject matter expert at this facility. It is necessary for
these individuals to demonstrate expertise on the job thru challenging assignments and also to
demonstrate expertise thru educational programs.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 13: Q20 and Impact on Future

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 20
4.6
4.8
4.25
5
4.67
4.5
4.67
4
4.67
4.50

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4
3

Figure 19: JMP Output Q20

From the Spearman Rank Correlation analysis between the average team response for
Question # 20 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= -.6154 with a p value of .0583, which is not statistically significant at the alpha = .05
significance level but is very close and included in this study. This strong negative correlation
indicates that the two variables have an inverse relationship where higher values of one variable
tend to be associated with lower values of the other, and vice versa. In this setting, this
correlation is indicative of a strong disagreement between the project teams and the senior
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manager regarding the availability of technical resources for the project teams. Project teams
that rated themselves as having high level of access tended to have lower preparation for the
future scores from the senior manager. Similarly, project teams that rated themselves as having
low level of access tended to have higher overall scores from the senior manager. This statistical
disagreement on access to technical resources does not necessarily imply a high or low level of
access on the project teams. The correlation can be low if project teams believe they have a high
level of access and the Senior Manager thinks they have a low level of access. The correlation
could also be low if the project teams believe they have a low level of access and the Senior
Manager thinks they have a high level of access.
There are a number of potential explanations for this negative relationship. It is possible
that the technical resources that are being made available to project teams are advising project
teams on immediate problems and providing immediate solutions without taking into account
long term impacts. This could be impacting the team’s ability to prepare better for the future.
Project teams should work with the Senior Manager as well as the technical resources to balance
the recommendations that are being made so that it provides a solution to a present problem but
does not impede the team’s ability to be successful in the future. For example, perhaps the
technical resource decides to open up a dimensional requirement on a component and give the
team more tolerance. This allows the team to loosen its requirements and build the product or
component cheaper. However, the proper analysis should be done to see tolerance stack ups and
how that could impact the end item. It is possible that by allowing more tolerance on that
component the end product could be impacted if all other component tolerances are on the
extreme end.
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4.4.4 QUESTION # 19: The project team monitors the project schedule / project plan on a regular

basis
Background, Motivation, and Significance:
The purpose of this question is to understand the role that frequent monitoring of the
project schedule has on preparation for the future. Project teams at this facility typically create a
baseline schedule prior to project kickoff. Some teams will inevitably do a better job of
following that baseline schedule while others will not. Similarly, some teams will only look at
the project schedule at the beginning of the project kickoff and not look back on it again while
other teams are frequently going over the project schedule. Project teams at this facility also
differ in the amount of coordination and interaction that takes place on schedule. Typically,
schedule is owned by the Production Control member of the project team. They are responsible
for developing and executing to schedules.
The project schedule is critical in this particular project manufacturing environment
because this facility adopts Earned Value Management on all projects. Earned Value
Management is a system that is highly dependent on a schedule. A team that meets regularly to
understand the schedule and what is coming up will likely see higher performance from an
Earned Value Management perspective. Typically, the OPM’s are the main point of contact for
schedule on Earned Value Management. Some of the OPM’s on the project teams meet with
their teams to go over scheduled tasks for Earned Value Management while other OPM’s
conduct their schedule assessments independently.
Project schedule is also a critical metric that is measured thru the continuous
improvement teams that are developed on the project team that meets on a weekly basis. There
is a considerable investment in these teams from the senior management team. As stated
previously, the continuous improvement teams are rewarded and recognized for achieving the
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metric goals laid out for them.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 14: Q19 and Impact on Future

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 19
4.4
4.4
4
4.5
4.67
4.75
4.67
5
4.67
4.50

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4
3

Figure 20: JMP Output Q19

From the Spearman Rank Correlation analysis between the average team response for
Question # 19 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= .6154 with a p value =.0583, which is not technically statistically significant at the alpha = .05
significance level but additional analysis is being conducted because it is very close to the alpha
significance level stated. This strong positive correlation indicates that the two variables have a
positive relationship where higher values of one variable tend to be associated with higher values
of the other, and vice versa. In this setting, this correlation is indicative of a strong agreement
between the project teams and the senior manager regarding the frequency of schedule
discussions on the project teams. Project teams that rated themselves as having high level of
discussions on schedule tended to have higher preparation for the future scores from the senior
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manager. Similarly, project teams that rated themselves as having low level of discussions on
schedule tended to have higher overall scores from the senior manager. This statistical
agreement on access technical resources does not necessarily imply a high or low level of
discussions on schedule on the project teams. The correlation can be high if project teams
believe they have a high level of schedule discussions and the Senior Manager also thinks they
have a high level. Similarly, the correlation could also be low if the project teams believe they
have a low level of schedule discussions and the Senior Manager also thinks they have a low
level of schedule discussions on the project team.
This positive relationship can be understood and explained by a number of different
reasons. First, it is likely that Senior Managers are more likely to believe a project team is going
to be better prepared for the future if the team is planning the steps that it takes to get to the
future state. In general, it can be hypothesized that teams that plan better will perform better in
the long run. By planning schedule tasks in the near term, it is plausible to consider that future
tasks are more likely to stay on schedule if the previous tasks are completing on time. Senior
Manager has likely considered project teams current success as a means of considering teams
that are more likely to succeed in the future as well.
Another possible explanation for this relationship is that project teams who are meeting
more frequently to discuss the schedule are working together collaboratively to enhance the
schedule position in the future. If project teams are not meeting together, then it is likely that
only the OPM and the Production Control Coordinator are the only ones looking at the schedule.
A project team that includes all the members will have a diverse set of opinions and present
different ideas to move forward with scheduled tasks. A diversity of inputs and ideas can create
healthy discussion and dialogue on the team to better prepare them for the future. Of course, all
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of this is true of the inverse as well where project teams who are not meeting to discuss schedule
may not have the opportunity to have those discussions and as a result, be less prepared for the
future.
4.4.5 QUESTION # 35: The project team analyzes critical resources (e.g. parts availability, budget

remaining, etc.) together
Background, Motivation, and Significance:
The purpose of this question is to understand the role that frequent monitoring of the
critical project resources has on preparation for the future. Critical project resources in this
setting include a number of different items. Parts availability is a critical component of project
success and is a resource that should be checked on frequently. A project team should
understand how much inventory is on hand, how much inventory is projected to be utilized, and
what the final inventory position will be for each component needed. The project team should
also understand the sequence that the components will be needed. In some cases, a component
may not be needed for quite some time which means that component would be less critical to
have a higher level of inventory on.
Obviously, another critical resource that needs to be analyzed is the amount of funding or
budget that is remaining to execute project tasks. Project teams should not only consider how
much money has been spent, but also what the future potential costs are that will be incurred. It
is important for the project team to be aware of what the initial budgeted target cost was and
track updated estimates at completion to see which direction the project team is headed in.
Burning too much money up front can cause problems on the back end when it is time to
complete the project tasks. Project teams may be more likely to take shortcuts in order to save
money, which could affect the quality of the product being made.
Another critical resource that needs to be analyzed by project teams has to do with talent.
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The individuals on the project team all have different areas of expertise and experience they
bring to the team. The project team should consider what will happen if that individual leaves
the project, program, or company for another opportunity. Project teams need to build processes
that are not people dependent, but process oriented to prevent problems when individuals on the
team are no longer a part of the team.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 15: Q35 and Impact on Future

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 35
4.2
4
4.67
3
4.33
4.5
3.67
5
4.25
4.50

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4
3

Figure 21: JMP Output Q35

From the Spearman Rank Correlation analysis between the average team response for
Question # 35 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= .6435 with a p value of .0447, which is statistically significant at the alpha = .05 significance
level. This strong positive correlation indicates that the two variables have a positive
relationship where higher values of one variable tend to be associated with higher values of the
other, and vice versa. In this setting, this correlation is indicative of a strong agreement between
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the project teams and the senior manager regarding the frequency of critical project resource
analysis on the project teams. Project teams that rated themselves as having high level of critical
project resource analysis tended to have higher preparation for the future scores from the senior
manager. Similarly, project teams that rated themselves as having low level of critical project
resource analysis tended to have lower overall scores from the senior manager. This statistical
agreement on access technical resources does not necessarily imply a high or low level of critical
project resource analysis on the project teams. The correlation can be high if project teams
believe they have a high level of critical project resource analysis and the Senior Manager also
thinks they have a high level. Similarly, the correlation could also be low if the project teams
believe they have a low level of critical project resource analysis and the Senior Manager also
thinks they have a low level.
This positive relationship can be understood and explained by a number of different
reasons. First, it is likely that Senior Managers are more likely to believe a project team is going
to be better prepared for the future if the team is taking the time to analyze critical resources that
will directly impact the team going forward. In general, it can be hypothesized that teams that
plan better will perform better in the long run. By proactively analyzing critical project
resources in the near term, it is plausible to consider that future tasks are more likely to be
successful. Senior Manager has likely considered project teams current success as a means of
considering teams that are more likely to succeed in the future as well.
Another possible explanation for this relationship is that project teams who are meeting
more frequently to discuss the critical resources are working together collaboratively to enhance
the likelihood of future success. A project team that is working together with all the members on
assessing critical resources will have a diverse set of opinions and present different ideas to
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move forward with tasks. A diversity of inputs and ideas can create healthy discussion and
dialogue on the team to better prepare them for the future. Of course, all of this is true of the
inverse as well where project teams who are not meeting may not have the opportunity to have
those discussions and as a result, be less prepared for the future.
4.4.6 QUESTION # 26: The project team understands the sustainment requirements of the project

Background, Motivation, and Significance:
At this particular company, project teams have done an excellent job of convincing the
customer on after sale support, or sustainment. For the products being developed as part of the
project for the customer, sustainment will typically provide a higher level of profit to the
corporation than the actual selling of the product itself. Sustainment includes many aspects like
maintenance, repairs, and even training. The sustainment team will coordinate returns from the
customer site for any hardware that is not working properly. In this case, the sustainment team
works closely with the project team to send back the defective hardware and either repair or
replace the unit for the customer. The sustainment team is also responsible for maintaining
depots across the world that will have acceptable inventory levels for customers in the event
there is a failure in the field. The sustainment team will consider Mean Time Between Failures
(MTBF) to understand the level of components that need to be in inventory at all times.
Since the products being produced are extremely complex, a considerable amount of
scope has to be carved out for training the individuals who will be utilizing the product.
Sustainment includes the training of personnel on proper handling and instructions on how to use
the product. It also provides training on basic troubleshooting so that the customer personnel are
able to quickly resolve minor issues without impacting their ability to perform. Sustainment also
includes the maintenance of components that have some sort of shelf life. In many cases, certain
components of the system that is developed have to be replaced every so often. This could be
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after a certain time period regardless of use or it could be after a certain number of uses. Other
factors that influence how frequently something has to be maintained include environmental
conditions in which the product is going to be utilized in.
The intent of this question is to understand the role that an understanding of the
sustainment requirements has on the teams’ ability to prepare for the future. Project teams who
take sustainment seriously should be well connected with the end users of their product. This
should, in theory, provide the project team feedback on what sort of needs are still not satisfied at
the end user level. Project teams can sometimes capitalize on this and present various options or
prototypes for customers to see if those needs can be satisfied. In many cases, the customer is
unaware that a solution is even available or possible for a given capability gap or need. It is
hypothesized that teams will be better prepared for the future if they have a better understanding
of sustainment requirements and are well connected with the sustainment team.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 16: Q26 and Impact on Future

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 26
3.8
3.6
3.25
2
3
4
3.67
4.5
4.5
3
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Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4
3

Figure 22: JMP Output Q26

From the Spearman Rank Correlation analysis between the average team response for
Question # 26 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= .6495 with a p value =.0421, which is statistically significant at the alpha = .05 significance
level. This strong positive correlation indicates that the two variables have a positive
relationship where higher values of one variable tend to be associated with higher values of the
other, and vice versa. In this setting, this correlation is indicative of a strong agreement between
the project teams and the senior manager regarding an understanding of the sustainment
requirements on the project team. Project teams that rated themselves as having high level of
understanding of the sustainment requirements tended to have higher preparation for the future
scores from the senior manager. Similarly, project teams that rated themselves as having low
level of understanding of the sustainment requirements tended to have lower overall scores from
the senior manager. This statistical agreement does not necessarily imply a high or low level of
understanding of sustainability requirements on the project teams. The correlation can be high if
project teams believe they have a high level of understanding of sustainment requirements and
the Senior Manager also thinks they have a high level. Similarly, the correlation could also be
high if the project teams believe they have a low level of understanding of sustainment
requirements and the Senior Manager also thinks they have a low level of understanding.
This positive relationship can be understood and explained thru some additional analysis.
However, one possible explanation is that project teams that have a good understanding of
sustainment requirements are typically forward looking and are not only considering what it will
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take to make a sale to the customer. These teams are working to meet the objectives of the
project for the customer but also will be cognizant of how they are impacting the sustainment
team after handing the end product over to the customer. This will likely lead to an increase
focus on the future and will result in a higher preparation for the future score from the Senior
Manager. Similarly, project teams that do not have a good understanding of the sustainment
requirements are probably not looking at anything beyond the immediate tasks in front of that
project team. This will likely result in a lower overall preparation for future score from the
Senior Manager.
4.4.7 QUESTION # 46: Project team members have common project objectives

Background, Motivation, and Significance:
The background, motivation, and significance of this question has already been discussed
previously. In this specific analysis, the association between project team members having
common objectives and the preparation for the future score from the Senior Manager is being
analyzed. Previously, the association between common objectives on the project team and the
overall score from the Senior Manager was analyzed.
Analysis:
(Possible Answers: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly Disagree
(1)
Table 17: Q46 and Impact on Future

Team
1
2
3
4
5
6
7
8
9

Avg Response for
Question # 46
3.6
4.4
4.67
2
4.67
4.5
5
4.5
4.5
89

Sr Mgr Impact on
Future Score
3
3
4
3
4
4
4
4
4

Team
10

Avg Response for
Question # 46
4.5

Sr Mgr Impact on
Future Score
3

Figure 23: JMP Output Q46

From the Spearman Rank Correlation analysis between the average team response for
Question # 46 and the Sr Mgr Preparation for the future Score, the rank correlation coefficient is
r= .7724 with a p value of .0088, which is statistically significant at the alpha = .05 significance
level. This strong positive correlation indicates that the two variables have a positive
relationship where higher values of one variable tend to be associated with higher values of the
other, and vice versa. In this setting, this correlation is indicative of a strong agreement between
the project teams and the senior manager regarding common objectives on the project team.
Project teams that rated themselves as having high level of common objectives tended to have
higher preparation for the future scores from the senior manager. Similarly, project teams that
rated themselves as having low level of common objectives tended to have lower overall scores
from the senior manager. This statistical agreement does not necessarily imply a high or low
level of common objectives on the project teams. The correlation can be high if project teams
believe they have a high level of common objectives and the Senior Manager rates them high for
preparation for the future. Similarly, the correlation could also be high if the project teams
believe they have a low level of common objectives and the Senior Manager rates them low for
preparation for the future.
This positive relationship can be understood and explained thru some additional analysis.
Objectives and goals imply that the project team is working towards the future. If a project team
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has common objectives and goals, then it would seem plausible that they have some attention or
thought given to their future as a project team. This could help explain why the Senior Manager
is in agreement and rates them with a higher score for the preparation for the future dimension of
success. The absence of common objectives and goals can also likely mean that the team is not
spending time or energy thinking about the long term, which could likely explain why the Senior
Manager rates these such teams with a lower score for the preparation for the future dimension of
success.
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4.5 Regression Analysis
Regression Analysis is a statistical technique that is utilized to study linear relationships.
It follows the general form of Y = α + β1X1 + β2X2+….+ ε. Y is the dependent variable, which
represents a quantity that varies from independent variable to independent variable throughout
the population and is the primary focus of interest in the analysis. X1, X2, etc. are the
explanatory variables, or independent variables, which are thought to be related to Y. The ε is
the residual term, which is the total effect of all individual differences not explicitly identified in
the model.
The primary result from conducting regression analysis are the beta values, known as the
regression coefficients. The regression coefficients are found by method of least squares (i.e. by
minimizing the error sum of squares). The significance of the beta values, measured by its p
value, will indicate whether that specific independent variable is statistically significant or not.
All values in total will result in a prediction equation. This prediction equation can be used to
predict the average value of the dependent variable given a certain value of the independent
variable within the range of observed values of the independent variable. In this study,
regression analysis of the overall performance score against each CSF was conducted. The
results of this regression analysis are shown in Figure 8.
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Overall
Question β
P
4
0.53 0.0339
5
0.29 0.3336
6
0.702
0.275
7
-0.165 0.7205
8
0.184 0.7401
9
-0.574
0.124
10
0.438 0.2228
11
0.44 0.3895
12
0.601 0.2995
13
0.389
0.521
14
-1.466 0.1009
15
0.7897 0.2728
16
-0.451 0.3728
17
0.1368 0.4202
18
0.098
0.829
19
0.919 0.1114
20
-0.999 0.0843
21
0.4525
0.022
22
-0.21
0.49
23
-0.215 0.6109
24
0.46 0.1747
25
0.135 0.6468
26
0.3973 0.0922
27
-1.216 0.0184
28 -0.00557 0.9796
29
0.2158 0.1186
30
0.2106 0.2347
31
0.1524 0.5593
32
0.207 0.4209
33
0.3311 0.2567
34
0.6349 0.3072
35
0.5145 0.1138
36
0.0451 0.8798
37
0.1952 0.2861
38
0.3786 0.2051
39
0.1714 0.4413
40
0.4423 0.1599
41
0.0539 0.9087
42
-1.533 0.2321
43
0.2892 0.1114
44
0.2458 0.0932
45
0.2667 0.4192
46
0.3548 0.0648
47
0.1963 0.3389
48
0.1175
0.397
49
0.1906 0.2353
Figure 24: Regression Table
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The background, motivation, significance, and analysis of the overall performance success score
for each statistically significant CSF from Figure 8 are given in the following sections. The
complete JMP output of the regression analysis for all CSFs are in Appendix B.
4.5.1 QUESTION # 4: My project team utilizes principles (e.g. Just in Time Manufacturing, Total

Quality Management, Lean Manufacturing, etc.) of Continuous Improvement
Background, Motivation, and Significance:
The background, motivation, and analysis of this question has been previously discussed in the
correlation section for Question 4 and future score, section 4.4.3.
Analysis:
Table 18: Q4 and Overall Score

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 4
3
4.6
4.25
3
5
3.75
4.67
4.5
4.33
4.5

Sr Mgr Overall Score
3.25
4
4.25
3.5
4.75
4
4.25
4.75
4.25
3.25

Figure 25: JMP Regression Output Q4
P = .0339
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From the Regression analysis between the average team response for Question # 4
(principles of continuous improvement) and the Sr Mgr Overall Score, we find that the critical
success factor of Question # 4 is statistically significant at the alpha = .05 significance level with
a p value of .0339. This statistical significance indicates that having established principles of
continuous improvement is a predictor of overall project team success. The coefficient for this
independent variable is 0.53, which indicates that we can expect to see, on average, a .53
increase in project performance score for every additional unit of increase of project team
perception of that independent critical success factor. This is reflected in the regression equation
as follows: y(x) = .53x + 1.82; where Y = performance score given by senior manager and x =
project team score for question 4.
There are a number of potential explanations for this positive relationship, which was
also previously discussed for this question during the Correlation Analysis. To summarize, there
are a high number of Lean Six Sigma trained and certified individuals on the project teams. A
possible explanation for the positive relationship between continuous improvement principles
and higher overall team scores is due to the high number of lean six sigma trained individuals on
the project teams. Another potential explanation for this positive relationship has to do with the
concept of Total Quality Management or TQM. This particular facility is required to be AS9100
certified. Many of the principles of AS9100 are adopted from TQM principles. As a result, it
can by hypothesized that this integration helps explain the positive association between the
senior manager and the project teams regarding principles such as TQM.
4.6.2 QUESTION # 21: The project team is able to obtain funding and purchase items that will help

them do their jobs more efficiently
Background, Motivation, and Significance:
As identified in the literature, a critical success factor for project management is for the
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project to have adequate funding. Not only should the project have enough funding, the project
should have that funding readily available to access at any time as needed. There are a number
of critical inputs, as defined by the PMI, to ensure that adequate funding is done for the project.
These inputs include understanding the source of funds, contract requirements, economic
environment, estimated cost, project duration, tax implications, and risk (PMI, 2003). The
individual responsible for funding the project is the project sponsor. The sponsor is responsible
for authorizing the project charter and providing the funds necessary for the project team to
execute its work. For the sponsor to authorize the project charter, he or she must be confident
that the funding amount calculated is the right amount for the scope of work in the project.
There are multiple approaches to calculating the estimated cost of the project, which is outside
the scope of this study. The scope of this study includes the various approaches that the sponsor
can take when funding the project. In some cases, project sponsors may fund the project very
aggressively, essentially presenting an aggressive cost target that the team will have to strive to
obtain efficiently. In this scenario, the project team does not have extra funding for process
improvement events or purchase of capital equipment. The sponsor may also choose to provide
some extra funding so that the project team can remain flexible in their approach and adapt to
changing conditions. In this scenario, project teams may be able to partake in some investments
for the better of the project.
For example, in this particular project manufacturing environment, the manufacturing
center has an Advanced Manufacturing Lab with a number of high quality 3-D printers. The
Advanced Manufacturing Lab is owned by the factory, not by the project teams. However, one
of the main purposes of this Advanced Manufacturing Lab is to develop manufacturing aids,
manufacturing tools, and even manufacturing components to help the project teams in their
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execution. Of course, this center does not run free and the project teams who wish to utilize the
center for aids & tools must provide a “charge number”, which is essentially like a credit card
that gets billed to the project for utilizing the labs services. Project teams who have some
additional funding available are able to make the investment and purchase these aids, tools, and
components for their projects. Project teams who do not have the luxury of extra funds are not
able to.
Another example occurs when project teams are working on highly manual tasks which
have the potential to be done more efficiently thru the development of automation techniques.
Unfortunately, the projects are funded for very discrete tasks directly related to the execution of
the project. Project team members are only authorized to work specific tasks that have been
funded, they are not allowed to deviate from those tasks unless explicit deviations have been
funded at the time of project budgeting by the project sponsor. In some cases, project sponsors
are able to provide funding for automation efforts but in other cases they are not. Project teams
who have the extra funding allocated to them for development of automation techniques, for
example, are able to make the business case that the cost savings from automation is greater than
the cost of developing the automation for the project. Project teams that do not have that funding
are not even able to attempt to explore the business case for such events. The intent of this
question is to assess the level of extra funding available outside of discretely defined project
tasks that the team can take advantage of.
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Analysis:
Table 19: Q21 and Overall

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 21
3.8
4.8
4.25
3.5
4.33
3.75
4.67
4.92
4
4

Sr Mgr Overall Score
3.25
4
4.25
3.5
4.75
4
4.25
4.75
4.25
3.25

Figure 26: JMP Regression Output Q21

P =.0220
From the Regression analysis between the average team response for Question # 21 and
the Sr Mgr Overall Score, we find that the critical success factor of Question # 21 is statistically
significant at the alpha = .05 significance level with a p value of .022. This statistical
significance indicates that having access to adequate project funding is a predictor of overall
project team success. The coefficient for this independent variable is 0.45, which indicates that
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we can expect to see, on average, a .45 increase in project performance score for every additional
unit of increase of project team perception of that independent critical success factor. This is
reflected in the regression equation as follows: y(x) = .45x + 2.2; where Y = performance score
given by senior manager and x = project team score for question 21.
There are a number of potential explanations for this specific relationship. Firstly, it is
easy to hypothesize that project teams that have more funding are going to have the resources to
increase their likelihood of project success. However, there are other reasons that will need to be
explored in further detail to understand this relationship. For example, it is possible that the
senior manager has a more favorable impression of project teams with more funding because he
is more familiar with them as a result of approving those purchases of items that will help the
project team do their job more efficiently. Alternatively, perhaps the senior manager
unknowingly has some bias towards these teams because he is able to see these teams better
prepare for the future while still operating in a cost-effective manner (both of which were basic
elements of how success was defined). Another possible explanation is that the senior manager
feels compelled to advocate and defend the investments he has authorized for the project teams
and therefore champions those project teams to protect his/her own image. This could occur
because return on investment and future cost savings are two important metrics by which senior
managers performance is judged upon.
4.6.3 QUESTION # 27: I feel empowered in my project team (e.g. ability to make decisions, suggest

ideas, etc.)
Background, Motivation, and Significance:
As the literature stated, empowerment is a key critical success factor for project
manufacturing. Empowerment has been defined as the decision power of project team members.
This decision-making power has been shown in other studies to increase the likelihood of project
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success by making the team more agile and increasing the level of motivation (Rezaiea, Ostadib,
Tadayoun, & Aghdasi, 2009). The intent of this question is to understand how empowered
project team members feel regarding their ability to make decisions and suggest ideas to the
team.
In this particular study, within the project teams, the Operations Project Manager (OPM)
provides considerable direction for the project team. The OPM is responsible for working with
Program Management and the customer to translate project requirements into discrete tasks that
can be done within the project manufacturing team. The OPM will work with the program and
customer to finalize requirements, costs, and schedules. The level of engagement and input
provided by project team members to the OPM during this process varies from team to team.
Some teams will find that the OPM will delegate down tasks to appropriate personnel given their
area of expertise. For example, the OPM will delegate scheduling decisions to the Production
Control member of the project team and will delegate down the development of manufacturing
routers to the Manufacturing Engineer. Some OPM’s will delegate tasks down but will reserve
final inputs to the program or customer to their own decision. Other OPM’s will work together
as part of the project team to come up with the final inputs that will be provided and the
customer level. Clearly, there are both high and low levels of empowerment that are occurring
within the project teams.
Project team members in this setting also maintain functional leadership in addition to
project leadership. Functional leadership is responsible for working with the OPM’s to ensure
that the appropriate staffing levels are occurring on each project. Some OPM’s will work
exclusively with their functional leadership counter parts to staff the project team. Other OPM’s
will work closely with the current functional member of their project team to listen and
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understand their concerns in order to elevate them to the functional leader. This close working
relationship where the functional team member can share inputs with the OPM to work with the
functional leader is considered a high level of empowerment. An OPM who does not create an
environment where the functional member feels comfortable expressing concerns would have the
level of empowerment on their classified as low.
Analysis:
Table 20: Q27 and Overall

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 27
4
4.8
4.67
5
4.33
4.5
4.67
4
5
4.75

Sr Mgr Overall Score
3.25
4
4.25
3.5
4.75
4
4.25
4.75
4.25
3.25

Figure 27: JMP Regression Output Q27

P =.0184
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From the Regression analysis between the average team response for Question # 27 and
the Sr Mgr Overall Score, we find that the critical success factor of Question # 27
(empowerment) is statistically significant at the alpha = .05 significance level with a p value of
.0184. This statistical significance indicates that empowerment is a predictor of overall project
team success. The coefficient for this independent variable is -1.217, which indicates that we
can expect to see, on average, a 1.217 decrease in project performance score for every additional
unit of increase of project team perception of that independent critical success factor. This is
reflected in the regression equation as follows: y(x) = -1.217x + 9.71; where Y = performance
score given by senior manager and x = project team score for question 27.
There are a number of potential explanations for this inverse relationship. One possible
explanation is that perhaps the project team members are not adequately prepared for the level of
empowerment and responsibility they have been given. Perhaps the organization responded to
the concept of empowerment in an inappropriate manner, simply delegating decision making
down to lower levels without appropriately training or preparing those individuals to make the
appropriate decisions. On many project teams, the experience level of employees ranges from
new college hires to individuals with over 30 years of professional experience. Delegating
decisions down without regard to preparedness could lead to poor decision making that impacts
the projects long term.
The concept of empowerment, in theory, would provide managers more time to lead and
remove obstacles for the project teams. It is possible, from the project teams perspective, that
they feel senior management team has not done enough in terms of removing obstacles for them,
resulting in the disagreement in this relationship. Senior managers may consider investing more
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time focusing on removing barriers or obstacles which slow the project teams down. Additional
interaction and engagement with senior managers from other departments and programs may
help to accomplish that goal.
4.6.4 QUESTION # 46: Project team members have common project objectives

Background, Motivation, and Significance:
As identified in the literature, fundamental to project management is the clear
establishment of objectives, which can guide a team to avoid unnecessary work activities and
conflict (Ahmad and Cuenca, 2013). The intent of this question is to assess the level of common
project objectives, with an emphasis on “project”. It is not intended to capture the level of
common personal or professional objectives amongst the team members. Project objectives for
the purposes of this study would include behaviors such as the following but not limited to: focus
on project success as opposed to personal success, making decisions that provide the best value
to the end customer, and an overall desire to do whatever it takes for the project to be successful.
It is important to understand how personal or professional success in this environment
can hinder cohesion amongst project objectives. Each function on the project team has its own
goals and objectives on a personal or professional level. For example, the OPM is primarily
concerned with achieving cost, schedule, and quality objectives for the project. The primary
objective of the Manufacturing Supervisor is to balance and distribute work amongst
manufacturing personnel on the team. The primary objective of the Manufacturing Engineer is
to ensure that work instructions are detailed and clear enough for manufacturing personnel to
understand how to do the work without any confusion. The primary objective of the Test
Engineer is to load software accurately and timely onto the project assets. The primary objective
of the Production Control Clerk is to create realistic schedules and ensure component material is
available at the right time for production. Finally, the primary objective of the quality engineer
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is to ensure that all hardware being produced meets or exceeds customer specifications. Clearly,
there are opportunities within the project team to have competing priorities if personal objectives
take priority. For example, the Quality Engineer may operate at a very low speed to ensure that
he or she is not passing along any hardware that could be outside of specification. If the Quality
Engineer decides to work too slowly to achieve his objective, this will impact the schedule that
the Production Control Clerk has created as well as impact the ability of the OPM to achieve its
schedule targets to the program or customer. A project team that works together to have a
common objective of providing high quality parts on time to the customer can work to find the
right balance between all of these competing priorities. This would be classified as a team that
has a high level of common project objectives. A team that does not work together to balance
the various personal objectives would be classified as a team that has a low level of common
project objectives.
Analysis:
Table 21: Q46 and Overall

Team
1
2
3
4
5
6
7
8
9
10

Avg Response for
Question # 46
3.6
4.4
4.67
2
4.67
4.5
5
4.5
4.5
4.5

Sr Mgr Overall Score
3.25
4
4.25
3.5
4.75
4
4.25
4.75
4.25
3.25
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Figure 28: JMP Regression Output Q46

P = .0648
From the Regression analysis between the average team response for Question # 46
(common project objectives) and the Sr Mgr Overall Score, we find that the critical success
factor of Question # 46 is not technically statistically significant at the alpha = .05 significance
level with a p value of .0648, however, it is included for the purposes of this study as it is very
close to our designated alpha level. This statistical significance indicates that having common
project objectives on the team is a predictor of overall project team success. The coefficient for
this independent variable is 0.35, which indicates that we can expect to see, on average, a .35
increase in project performance score for every additional unit of increase of project team
perception of that independent critical success factor. This is reflected in the regression equation
as follows: y(x) = .35x + 2.54; where Y = performance score given by senior manager and x =
project team score for question 46.
There are a number of potential explanations for this relationship. Firstly, this may be
largely driven by the performance management appraisal system at this particular organization.
Typically, goals and objectives are flown down from the vice president level to their immediate
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reports at the director level. The directors will condense the goals and objectives to make them
more specific and appropriate for their sphere of control and then pass this down to their
immediate reports. This process continues until project leaders receive goals and objectives
which are then passed down to the project teams. Project team members will receive these goals
and objectives and make slight modifications to accommodate their specific roles and
responsibilities on the project team. At a high level though, everyone on the same project team
will share similar goals and objectives as a result of this process. Since everyone has the same
goals and project objectives documented formally in the performance management appraisal
system, it makes sense to see that there is agreement amongst project team members regarding
common project objectives.
Another possible explanation for this relationship is that project teams that have common
project objectives are working together at achieving higher levels of team success. If everyone
on the project team has the same goal and objective, it becomes easier to keep the big picture in
mind when making decisions as a team. One would hypothesize that teams that have individuals
who have personal agendas or personal objectives would struggle to operate at a highly
successful level, which could help explain why teams with lower levels of common objectives
are receiving lower overall scores from the senior manager.
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CHAPTER 5: CONCLUSIONS
This research examined the results of ten project manufacturing teams at an aerospace
and defense company in the United States. This research examined the association between the
ten project manufacturing teams on over 45 critical success factors identified in the literature and
Senior Management perspective on project success. Each of the critical success factors consisted
of critical success factors for manufacturing, project management, project manufacturing, and
team management. This research also examined the association between the four key critical
success factor areas and Senior Management perspective on project success.
The main focus of this research was to develop a framework that could be utilized to
understand the relationship between the identified CSFs and performance success measures in a
project manufacturing environment. This research identified the agreements and disagreements
that occur between project teams and senior management in regard to the CSF’s. Each of the
agreements and disagreements between the two groups have been analyzed and
recommendations have been provided on disagreements in order to try and close the
disagreement between the two groups. In addition, by understanding what CSFs the two groups
have agreement on, the groups can make decisions together to improve on those CSFs. This
research also identified which of the CSFs have statistically significant impact on project overall
performance scores. The regression analysis used in this study established a mathematical
relationship to predict how performance score can be expected to change, with changes in the
perception scores of project teams on each CSF.
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5.1 Review of Findings
This study relied on strong quantitative and qualitative methodology to make this analysis
robust. The source of the data came from a survey that was given to all project manufacturing
team members. There were 60 project team members who were given the survey, with 35 team
members responding to the survey. This is an approximately 60% response rate for this survey.
The Cronbach’s α score of .93 indicates that the survey test has a high level of internal
consistency, or reliability. This measure is commonly utilized to assess the reliability of a survey
or questionnaire that uses multiple Likert questions to form a scale.
The main questions associated with this research were: (1) How are the CSFs identified
for each of the four key areas associated with senior leadership score? (2) Which of the identified
CSFs have the strongest association with project score from the Senior Project Managers
perspective? (3) Which key area of CSFs have the strongest association with project score from
the Senior Project Managers perspective?
For Q1, the results of the correlation analysis indicate that the following CSFs have
statistically significant association with the senior leadership performance score along the four
key areas: established continuous improvement principles, utilization of advanced manufacturing
technologies, empowerment on the team, team members having a similar approach, team
members having common objectives on the team, understanding the project mission, frequent
review of project schedules, having access to subject matter experts, understanding sustainment
requirements, analyzing critical resources, and project teams having access to additional funds
for process improvement activities.
The efficiency dimension of success saw statistically significant associations between the
two groups for the following CSFs: project teams having access to additional funds for process
improvement activities and project team members having similar approaches. There was
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statistical agreement on both of these factors between the two groups. There was no statistically
significant associations identified for the impact on consumer dimension of success. The impact
on team dimension of success saw statistically significant associations between the two groups
for the following CSFs: empowerment on the team, utilization of advanced manufacturing
technology, a continuous improvement focus on the team, and having the ability to obtain
additional funds for process improvement activities. Of these, only the empowerment on the
team had statistical disagreement between the two groups while the remaining CSFs have
statistical agreement. Finally, the preparation for the future dimension of success saw
statistically significant associations between the two groups for the following CSFs:
understanding of the mission, empowerment on the team, having access to technical resources,
having common objectives, understanding sustainment requirements, meeting to analyze critical
resources, and frequent monitoring of the project schedule. Of this group, the first three had
statistical disagreement while the remaining factors had statistical agreement between the two
groups.
The results of the statistical analysis for Question (2) indicate that the strongest level of
agreement between the project manufacturing teams and the senior manager efficiency score is
access to additional funding for process improvement initiatives. There are no factors for
disagreement that are statistically significant between the two groups. The strongest level of
agreement between these two groups on the senior manager impact on team score is also in
regard to access to additional funding for process improvement initiatives. The strongest level of
disagreement between these two groups on the impact on team score is in regard to
empowerment on project manufacturing teams. The strongest level of agreement between the
two groups for the preparation for the future dimension of success is in regard to project
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manufacturing team members having common objectives. The strongest level of disagreement
between the two groups for this dimension of success is in regard to an understanding of the
project mission.
The results of the statistical analysis for Question (3) indicate that the manufacturing key
area has two statistically significant associations across all of the key areas. The Project
Management key area has six statistically significant associations across all of the key areas.
Project Manufacturing key area has three statistically significant associations across all of the
key areas. Finally, team management has two statistically significant associations across all of
the key areas.
Finally, regression analysis has identified which of the CSFs are predictors of project
performance score. These CSFs include the following: adoption of continuous improvement
principles, empowerment, having adequate access to funding, and having common project
objectives on the team. Three of the four CSFs provide a positive effect on performance score,
while one of the CSFs (empowerment) has an inverse effect on performance score.

5.2 Contribution to Body of Knowledge
The first contribution to the body of knowledge is in regard to the breakdown and
analysis of project manufacturing into the key areas. Previous studies have focused on project
manufacturing as a whole. This study looked to define project manufacturing into basic
elements – manufacturing, project management, and team management. It is hoped that by
breaking down into these smaller elements, more defined and strong critical success factors
could be found.
The second contribution as a result of this study is that it affords senior management of
project manufacturing teams the ability to identify disagreement on critical factors with project
manufacturing teams. The identification of these disagreements are likely due to communication
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gaps and the senior management team has the ability to focus communication messages to bridge
the gap between the two groups. Senior management is able to focus on specific targeted areas
for improvement with quantifiable data highlighting the need for those targeted areas as opposed
to blindly focusing on different areas that may not actually have a need for further messaging or
communication.
The third contribution as a result of this study is a framework for evaluating the
association between hypothesized critical success factors in a project manufacturing organization
and various dimensions of success. Project manufacturing teams can utilize the same
methodology to test any number of factors that the teams deem to be critical. This will allow
project teams to better understand what factors they should focus on for better results across four
different dimensions of success. They will be able to identify any communication or
understanding gaps between them and senior management. This will afford project
manufacturing teams the ability to increase their probability of performance success to the
management team by focusing on those areas.
The fourth contribution to the body of knowledge is in regard to the application of this
study to the defense and aerospace industry. Aerospace and defense is typically a laggard when
it comes to change or studies. Aerospace and defense is a huge beneficiary of project
manufacturing principles as large, complex orders in an ETO environment are very typical.
Often times, the military has very specific requirements for projects in order to close military
capability gaps and maintain superior military capabilities over the rest of the world. This
requires strong project manufacturing teams that are agile and tactical enough to get the job
done.
Finally, the fifth contribution to the body of knowledge is the identification of a negative
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association between various dimensions of success and the following CSF’s: empowerment,
understanding of the project mission, and access to subject matter experts. This is important to
highlight as it challenges the relationship that is established in the existing literature. The
existing literature indicated that these factors have a positive association with success and that
the presence of these factors will increase the probability of success on the team. However, our
research has indicated that these factors move in an opposite direction in relation to the
likelihood of success on the team. Of these CSF’s, perhaps the most interesting is the negative
association between empowerment and success. This research indicates that empowerment may
not be appropriate in all situations and team members may not even be fully trained or prepared
to handle the increased responsibilities from empowerment. Further research into these negative
associations can be conducted to understand the relationships identified in this study in greater
detail.

5.3 Limitations
Though the study is being designed with careful care and attention to detail, there are
certain limitations and key assumptions being made that must be made explicit. First and
foremost, this study is limited to a case study of project teams at a specific company in the
aerospace industry. The case participants are all from the same division of the organization.
Furthermore, the number of project teams being studied is only 10 project teams. Due to the
small sample size, normal distribution assumptions are not valid and as a result nonparametric
studies were conducted on the data. All of the manufacturing project team members at this
company have the same matrix organizational structure. All of the project team members
(including the operations project manager) are officially organized through the same functional
managers, all reporting to an operations director. Though the operations project managers are
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functionally reporting to the site operations director, they are also in a matrix organization with
the program project team which includes Program Management, Contracts, Finance, Planning,
Engineering, Software Engineering, and a Logistics team. Because everyone at the project
manufacturing level is reporting to the operations site director, it is safe to assume that there may
be some high-level common factors that are influencing each member of the project
manufacturing team.
Another major limitation of this study is that it is a study done on the association of the
critical success factors with senior manager scores for various dimensions of project success. It
is not necessarily a study that can draw conclusions on causation, rather only on correlation.
Statistically significant associations or agreements were identified; however, additional statistical
analysis will be required to prove the recommendations outlined in this study will be effective.
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5.4 Future Research
There are a number of opportunities for researchers who want to expand up on this study.
This field of study provides a challenging yet unique opportunity to connect academia and realworld application. This particular field of study is intriguing due to the heightened importance of
performance management and increasing cost pressure in the aerospace and defense market. In a
market driven by taxpayer / government funding, the pressure to reduce cost and execute projects
on time can have political ramifications for parties in charge. Several specific recommendations
for future researchers have been outlined in this section.
The first recommendation for future research is to expand the list of potential critical
success factors not thru literature review, but by active engagement with real life project teams
and senior management. A study can be created to focus only on the identification of critical
success factors as perceived by project teams and another study can be created to focus only on
the identification as perceived by senior management of various project manufacturing teams in
the industry. Once these critical success factors are identified, the same methodology or process
can be adopted to understand the associations and agreements or disagreements between the two
groups.
A second recommendation for future research is to expand upon the statistically
significant factors identified for further study specifically in the aerospace and defense industry.
A study could be conducted on how those identified significant factors are affected by the market
dynamics of the aerospace and defense industry. Aerospace and defense presents unique
challenges in terms of funding and budget cycles. It is possible that externalities such as this
may also play a role in the success or failure of project manufacturing teams in this environment.
A third recommendation for future research is to replicate this experiment with a larger
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sample size. One of the main limitations of this study had to do with the small sample size of ten
project teams. Due to this, many nonparametric analysis had to be conducted. A researcher who
is able to access larger set of data would be able to further validate the claims made in this study.
A fourth recommendation for future research would be to utilize predictive analytics in
order to investigate the likelihood of a certain project team to be successful. A regression
analysis could be conducted to see how various factors contribute specially to project success. A
project team with their unique set of characteristics could then be assessed on to the likelihood of
that project team being successful. This would be a powerful tool for senior management in
order to prioritize which project teams need to receive more of their focus and attention.
A fifth and final recommendation for future research would be to alter the scoring
methodology for project success. The overall score was calculated by taking the average of each
dimension of success score. Researchers may look for opportunities to identify a more scientific
scoring approach for the study.
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APPENDIX A: SURVEY QUESTIONS
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Project Manufacturing Critical Success Factors
Start of Block: Background
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Q2 What is your role on the project team?

o Operations Program Management
o Manufacturing Supervision
o Manufacturing Engineer
o Production Control
o Test Engineer
o Quality Engineer
Q3 How would you rate your project team in terms of performance? (ability to meet cost, schedule, and
quality targets)

o Excellent
o Good
o Average
o Poor
o Terrible
End of Block: Background
Start of Block: Manufacturing
Q4 My project team utilizes principles (e.g. Just in Time Manufacturing, Total Quality Management, Lean
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Manufacturing, etc.) of Continuous Improvement

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q5 My project team has developed a preventive maintenance plan for critical machines/equipment

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q6 My project team receives leadership support from functional managers (e.g. functional managers are
available and provide direction/resources as needed)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q7 My project team focuses on reducing set up times and lead times

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q8 Everyone on our project team behaves in a manner consistent with the principles of the corporate
Full Spectrum Leadership Model (Deliver Results, Shape the Future, Build Effective Relationships,
Energize the Team, and Model Personal Excellence, Accountability, and Integrity)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q9 My project team is fully integrated with the supplier management team (work closely together &
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share true need dates/requirements)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q10 My project team utilizes Advanced Manufacturing technology

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q11 My project team has the manufacturing capabilities to meet project requirements

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
End of Block: Manufacturing
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Start of Block: Project Management
Q12 The project manager (OPM) plays an important role in how our project team operates

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q13 The project manager's (OPM) knowledge and experience contributes towards the objectives of
this team

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q14

I am aware of and understand the overall mission of the project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q15 The project team works together in creating a project schedule / project plan

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q16

The project team welcomes and encourages customer input throughout the project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q17 Managers seek my input on potential candidates before they get hired on the team.

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q18

I have a clear understanding of the customer's acceptance criteria for our product

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q19 The project team monitors the project schedule / project plan on a regular basis

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q20 Technical resources (Engineers, SME's, etc.) are available to address problems when they occur

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q21 The project team is able to obtain funding and purchase items that will help them do their jobs
more efficiently

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q22 The project team has developed high quality processes (e.g. processes that are documented,
repeatable, and mistake proofed)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q23 The project team has realistic cost and schedule expectations

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q24

The project team establishes smaller project milestones

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q25 The project manager (OPM) is physically present (as opposed to virtual methods like phone, email,
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IM, etc.) at all times - Pre COVID-19

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q26 The project team understands the sustainment requirements of the project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
End of Block: Project Management
Start of Block: Project Manufacturing
Q27 I feel empowered in my project team (e.g. ability to make decisions, suggest ideas, etc.)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q28 My project team is flexible with changes (schedule, technical, etc.)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q29 My project team members have the required experience for this project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q30

My project team resolves conflicts immediately

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q31 I receive updates from the project management office

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q32 I feel properly incentivized to work towards project success (e.g. monetary, recognition,
appreciation, etc.)

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q33 Our project team maintains documentation of all project steps

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q34

Our project team has dedicated time for project planning

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q35 The project team analyzes critical resources (e.g. parts availability, budget remaining, etc.) together

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q36 Our project team considers the interdependencies between different projects in the factory when
planning work

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q37

Our project team formally documents "Lessons Learned" throughout the project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree

131

Q38

Our project team meets to identify and manage risk

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q39

Our project team follows the baseline MRP plan

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
End of Block: Project Manufacturing
Start of Block: Project Team Questions
Q40 I feel the need to learn more about the project outside of Operations

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q41 I am knowledgeable about the overall project

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q42 It personally matters to me if this project is successful

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q43 I have confidence in the other members of my project team

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q44 My team members and I have similar approaches on how to make this project successful

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q45 Project team members are professional on a daily basis

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q46 Project team members have common project objectives

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q47 My project team members communicate well with each other

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
Q48 My project team has the ability to easily initiate contacts and reach out to individuals as needed

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
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Q49 My project team is goal oriented

o Strongly agree
o Somewhat agree
o Neither agree nor disagree
o Somewhat disagree
o Strongly disagree
o End of Block: Project Team Questions

o
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